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PREFACE TO THE ENGIJSH EDITION. 



To introduce to the English student a text-book which has 
SO rapidly attained wide circulation and usefulness throughout 
the schools and colleges of the German-speaking countries, little 
preface or eulogium is necessary. The Author's aim has been 
twofold : he has endeavoured not only to explain in the simplest 
language the elementary facts of Ve|[(etable Anatomy and His- 
tology, of Physiology and Classification, but also to awaken 
the interest and enthusiasm of the student from the very out- 
set, by introducing him to the fresher fields of the science, and 
by setting before him many of the latest and most interestincr 
results of their exploration; so placing him, as the title of 
the original work has it, " at the newest stand-point of the 
science." In this relation, it is only necessary to refer to 
Part III., or, more particularly, to the section on the Fertilisation 
of Flowers, from which the reader can at once proceed to the 
original classics of Darwin and Miiller, of Delfino and Hilde- 
brand, and even face the unsolved problems which wait beyond. 

In the systematic portion, the student will find the diffi- 
culty of mastering the Natural Orders diminished in practice 
by the help of the Analytical Tables at the end of the 
book, and even more by the broad and simple grouping of 
the Orders into their larger alliances. The postponement of 
the section dealing with the Cryptogams, until the requisite 
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knowledge of microscopic stnicture has been obtained, and the 
exposition of their relation to Phanerogams, will also be found 
useful. 

The qualities of the translation appear to me as little in 
need of advertisement as those of the original, and I need 
only say, that its reconciliation of accuracy with freedom, of 
letter with spirit, are by no means due to the trifling verbal 
changes of my revisal, but to the conscientious and apprecia- 
tive labours of Miss Harris Smith. 

PATRICK GEDDES. 



Botanical Labobatobt, 
UKTVKBsmr OF Edinburgh, April 1885. 



TABLE OF CONTENTS. 



-»•♦- 



PAGE 

Intboduotion, ........ 1 

Pabt I. 

MORPHOLOGY. 

The Root, . ... . . 4 

The Stem, . * . . . 8 

Subterranean Sterna — Aerial Stems — Peculiar Forms of Stem. 

The Leaves and Homologues of Leaves, . . . .15 

Leaves (Proper). — The Cotyledons — The Foliage Leaves — ^Kinds of 
Leaves — Leaves modified to fulfil Special Functions — Arrange- 
ment of Leaves. 

The Flowbb. — The Floral Envelopes— The Stamens— The Ovary — 
Bisexual and Unisexual Flowers — Inflorescence. 

The Fruit. 
The Seed. 

Haibs, &c ........ 79 

Part II. 

SYSTEMATIC BOTANY. 

Floral Diagrams — /Estivation or Arrangement of the Floral Envdopea — 

Principles of CUusification, 

ST8TEMATIC ARRANGEMENT OF THE HIGHER PLANTS, . 100 

Monocotyledons and Dicotyledons. 

Monocotyledons, ........ 102 

Helobiie — EnBatie — Coronariaj — Gynandrte — SpadiciflonB — Glumaceie. 

Dicotyledons, . . . . . . . .115 

Group I. Sympetal.1!. — Plumbagines — Contortte — Tubifioree — Per- 
sonatee — Nuculiferse — Cucurbitacese — Campanulacese — Capri - 
foliaceee — Aggregate — Primulinse — Bicomes. Group II. 
Choripetaljjl — Amentaceee — Urticince — Centixjapermse — Mimo- 
chlamydese - Umbelliflone — Saxif ragins — Myrtiflorse — Rosiflorse 
— Leguminosn — Polycarpicae — Rhceadinffi — Cistiflone — Columni- 
f erse — Gruinales — iEsculinie — Frangulime. 

Part III. 

PHYSIOLOGICAL BOTANY. 

Flowi-rti and Insects, 

Fertilisation, . . . . .163 

The Floral Euvelopeb— The Stamens— The Pollen— The Stigma- 
Fecundation — Crusb-Fertilisation. 



Vlll CONTENTS. 

WlSD-FKBTILtSAttON, ....... 

ArrangeniBntB fnr eniiuriDjf UnivB-Fer^sation — (jusntity of PoUen — 

'Characteriitica of the Pollen UnJiiB— Position of Klowera and 

Sum ena— Position of thu S^iia — 8iie of the Fioral Envelopes — 

Diiecioiis PUntu —Dichogamy— Protandry or Protiigyny. 

TuiKarKBiNcK or Pollek by Ahihalb, ..... 

Adaptation of Flowere to Insects— Attraction uf Insects— Form of the 
Flower — Dimorphism — ExclnsioQ of Insects — Adaptation of In- 
sects to FlowetB— Butterflies and Moths— Beetlex— Flies— Been 
and Wasps — Examples of Insect-FerUlixation. 
TEjmePonT of Seeds and Fhlits, ...... 

Transport by Water- Wind— Animals— Transport of Fleshy and Ad- 
hesive Fruits — ^Mode oC Dehiscence. 

Pakt IV, 
ANATOMY AND PHYSIOLOGY. 

Intboouctiow, ,...,... 
Tub Cell, ......... 

Meaning of the Term " Cell "—The CeUWaU- Forms of Cells— Cc-ll- 
Contents- Cell-Sap- Protoplasm— The Nucleus — Other CeU- 
Contents— Origin of Cells, 
Vegetable Tibsl'bh (HieTOLoaT), ...... 

Embryonic Tissues — Systems of Tisaues— KpidemuU Tissues — Fibro- 
Vascular Bimdl«M — Fundamental Tissue — I'lssoes of the Root — 
Organs of Secretion. 
FHTSIOLOal, ........ 

Composition and Nutritiou uf Plants^-Growth and its Conditions. 

Pabt V. 
THE LOWER PLANTS. 

CBTFTOOAMB or FLOWKKLK83 PLAMTH, ..... 

Thallophytes or Cellulur Plants —Protopbyta — Fungi— Lichous- Algu' 
— MuBcinex: — Hv[«ti(K — Musui — Vascularia — ^Fern* — Khimcarpo- - 
Horsetuls— CI u b- MoiweK. 

FHANEtUKIAMS, ........ 

ArcLiapcrniM — UyinnoH]ienns — Metasperms. 

TABLES. 

MOROCOTTLKI MHA— 

1. The Chief Onleni uf Monucotyleduns. 
DiOOTTLBDOHIi — 

2. The Chief Orders of Sympetoliu. 

8. The Chief Orden of Choripetabe- .^ . 
i. 'ITie Chief Order* o( Choripetalie - £. 

INDICES. 




INTRODUCTION. 

All objects to be found in the world are either artificial or 
natural. Artificial objects are such as have been made by man 
\vith the hand, or by the aid of tools or machinery, from the raw 
material afforded by nature. Natural objects exist independent 
of human interference. 

The science which treats of natural objects is termed Natural 
History. Natural History classifies natural objects under three 
heads : — Minerals, Plants, and Animals. The minerals (stones, 
metals, &c.) are inanimate ; they are solid and homogeneous 
throughout, immutable in quantity, and not subject to cyclical 
change. Plants and animals are animate or liviruj beings ; for 
the performance of the functions of life they are endowed with 
instruments in the shape of organs, and are accordingly charac- 
terised by the name of organisms. An organism is said to be 
alive when it is possessed of certain vital properties. The vital 
properties common to all organisms are growth and the power of 
producing new organisms, or reproduction. 

The difference between plants and animals consists in this, 
that animals, besides organs for growth and reproduction, are 
possessed of organs specialised for sensibility. Moreover, most 
animals have power to move about from place to place, or the 
power of voluntary locomotion. In plants there are no organs of 
sensibility or voluntary locomotion. 

With regard to this subject, Linnaeus, the Swedish naturalist 
(fL 1750), says: — "Plants grow and live; animals grow, live, and 
feel." This, however, only applies to the more fully developed or 
higher animals or plants, for among, the less fully developed or lower 
animals many are permanently fixed during life (e.g., the corals, and 
the Cirripedia among Crustacea). In a considerable number of the 
lower animals, the organs of sensibility are entirely awanting. On 
the other hand, we find among the lower orders of plants, species 
which during some period of their life have the power of free move- 
ment {e.g., Bacteria). Further, we find in many of the higher plants 

A 



2 INTRODUCTION. 

movements of one part or another at certain periods of the day 
(periodic movements), and these may be brought about by external 
influences, as light, change of temperature, &c. To this class belong 
the closing of the flowers at night, and movements of the leaves. 
The lower the animals and plants, the greater is the resemblance 
between them.^ 

The following are some of the other distinctions which may be 
drawn between the higher animals and plants. Animals have at the 
anterior extremity of the body a single opening — ^the mouth — by which 
food is taken into the oi^nism ; plants obtain nourishment by their 
roots, which are placed at the posterior extremity of the oiganism. 
Animals have a stomach; plants have none. Among animals the 
green colour peculiar to plants, with the exception of fungi, is ex- 
ceedingly rare. 

Tlie study or science of plants is called Botany.^ This 
science is frequently divided into Physiological Botany and 
Systematic Botany, Physiological Botany deals with the ex- 
ternal form and internal structure of plants, and with the 
functions or uses of their various parts.* Systematic Botany 
deals with the principles of classification of plants, or the dis- 
tinctions between the various orders, and with their distribution 
over the surface of the earth. 



1 Among the leMt developed or lowest orgftnisnM it is often extremely difficult 
to decide vAether they belong to the animal or to the vegetable kingdom. 

* The term Botany is derived from the Greek word hdUkni, herb, plant 

* The itroctora] aspects in ^neral are best kept separate as Morpkcloffy, with 
those of minute structure as BttUiogif ; those of function are Phynology proper. 
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MORPHOLOGY. 

All the parts or organs which go to make up the plant as a 
whole may be classified under the four following heads : — 

I. The Soot. 

II. JTu Ascending Axis or Stem. 
Ill; The Leaves and Somologues ' 

o/Zeaves. 

IV. Hairs and siructurea of like 

nature. 

A young plant just sprung from 

the seed is termed a seedling. In 

Fig. 1 we have a seedling maple, in 

which we can readily recognise the 

above-named parts. Below we see a 

part (b e) somewhat wavy in outline, 

and covered with delicate hair-like 

processes. This is the root, which is 

entirely undeigrouod. Just above 

this we find the stem (h a), and this 

bears at its upper extremity several 

leaves {e c d). 

The following are the distinguish- 
ing characteristics of these structures. 

I, Soots are found beneath the sur- 
face of the ground ; they serve to fix 
the plant in the earth, and grow from 

above downwards. They never bear Root| c e Seed-lamve*, d Biid,'n 
leaves nor homolocues of leaves; they Sa«nd»y Boot*, oo 8iirf»ceof 

t. > J the ground, 

commomy branch or divide. 

II. Sterna grow for the most part above-ground, and serve as 
a support for all the other aerial parts ; they grow from below 
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iipwards. They bear leaves or homologues of leaves, and are 
usually branched. 

III. Leaves and homologues of leaves (leaves proper and 
flowers) grow on the stem or its branches. Leaves are usually 
flat, and are almost always of a pleasing and characteristic 
green colour. 

IV. Hair Structures mostly appear simply as hairs on the 
surfaces of the root, stem, and leaves, or their appendages. 

L— THE EOOT. 

Tlie Root is that part of the plant which is found under the 
ground, and grows from above downwards. By means of it the 
plant is fixed, and obtains nourishment from the surrounding 
soil. The root has numerous branches, twigs, and filaments, 
by which its hold upon the soil is rendered very secure. In 
some few plants the root is wanting. 

The noiirishment absorbed by the filaments or rootlets consists 
chiefly of watev^ and such mineral matters as are soluble in water 
(salts). A very slight experiment is sufficient to show tliat the root 
absorbs nourishment in a li(|^uid form, and so furnishes sustenance to 
the plant If the soil in a flowcr-{K)t in which ])lants are growing is 
allowed to get quite {>arched, the plants soon shrivel up and die. On 
the other hand, if a plant be dug up and the roots placed in water, it 
will continue to live and grow for a considerable time. 

The Colour of the root is usually somewhat black, grey, brown, 
yellow, or red, almost never distinctly green. Leaves, leaf-scales, 
or budfi (eyes) are not found on the roots. 

In many plants we find a primary root, from which secondary 
or branch roots are given off. The primary root (6 <?, I., Fig. 1) 
is that part which we find in the middle of the whole root net- 
work, and which grows straight downwards. It is the first to 
form when the young seedling bursts from the seed, and is 
simply the direct prolongation of the stem. All secondary roots 
spring from the primary root ; from these again smaller rootlets 
are given off, and so on, until at last we get the numerous ramifi- 
cations found among the roots of many of our most familiar 
plants. 

Many plants possess the power of forming new roots, when, after 
the primary and secondary roots have been cut away, they are placed 
in damp mould or water. If, for instance, the root be cut away from 



the Beedling maple (at b, I., Fig. 1) and the cut end placed in water, 
it will form a numher of new secondary roots. In Figure II. we havo 
a yonng plant, the root of which haa been removed ; during the fort- 




FiG. 2. 
Lower enil of tbe 
Rtem of the maple, 
the primary root cut 
■way 1 nat sue. 
a b Stem, « w Roola. 



Flo. 5. Fia. *. 

Kir. S.~Patciculiited root of Turk's 
cap lily (LUiun itariagon) ; half nat. 
tiie. Fig. 4. — Pibrout root of a graaa 
{Poa annua) ; nat. (rize. Fig. 5.~Pre- 
morse root of Plantaga major; nat. 
nze, longitudinal gection. 



night which it haa been kept in water, it has produced the secondary 
roots a w, which now absorb nourishment. All plants which may be 
(iropagiited by cutting, such as fuchsias, oleanders, currants, pelargoni- 
ums, &c., have this powei; of producing new roots. 

In many plants the growth of the primary root soon stops, in 
fact shortly after the seed has sprouted. We then find only 
secondary roots springing from the root end of the stem (as in 
Turk's cap lily, Fig. 3), which form a regularly shaped bunch of 
strong root fibres. 

Examples. — All o«r common trees and shrubs have primary and 
secondary roots. The grasses, the various species of lilies, and such 
exotics as palms and bananas, have oidy secondary or adventitious roots. 

When there is no primary root, or when the primary root is 
very slender, we have what is termed a. fascicvlatedroot, which, if 
the secondary iibres are very fine, is further called fibrous (Fig. 4). 
lioots may become enlarged for storage purposes ; note those fas- 
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ciculated roota of which the fibres are eouiewbatthickish, as those 
of the Turk's cap lily (Fig. 3). If the fibres are much thickened, 
the roots are said to be tuberous. If the primary root is much 
thicker than the 
branches, and ends 
abruptly in a blunt 
\ or rounded point, the 
' root is said to be pre- 
morse (Fig. 5). The 
primary root, when 
it greatly exceeds the 
secondary fibres in 
strength and thick- 
ness, is called a tap- 
root. According to 
their shape, tap-roots 
ate termed fusiform 
or spindle - shaped, 
and napiform or 
turnip-shaped. Fusi- 
form or spindle- 
j.,g J shaped roots are 
Fig. 7._Spmdle .h»p«l ™t of elongated, broad in 
c»mit(Z)n«n«Cart*i);iii»t»iie. the middle, and 

oior/Bi rana ; n»t. aiie. Fig. 9.— tapenng especially 
Napiform root ot the ndiah (^ Jjie lower Clld 

^^'^'""^ wi™.) ; n»t. ^ ^p.^^j Napiform or 
^"'- "■ turnip-shaped roots have the primary root almost 

pii^TT^v^i^ ™'»"^* <" >^»tided and wider than high (Fig. 9). 

oninmon on the 

!™'". "* ^' P™.*- Examplee.^The RraBsea (rye, wheat, barley) have 
"loi^- n*""'*^-'^''™"*"**'^ Uiies, Turk's caps, tulijM have also 
n Fliwer ipike ; librouB roots, with the tibres slightly thickened ; the 
b r LMf-Mkle*. dahlia and mendow-sweet have tut>enius rt>ols ; pre- 
„„rt-«e—planta>;o. and devil's bit 8cnbious,/M«/urm— 
carrot, parsnip ; napiform — turnip, radish. 

According as they are succulent and juicy, or hard and dry, root* 
are charact«riBed as feahy (beet-root, radish) or woody (roots of trees). 
Fleihy roots usually die off at the end of autumn, while many woody 
roots are permanent— that is to say, they remain living for two or 
more years, and in the begmning of spring send up now shoots and 
leaves. 
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Many plants wLich live on the surface of water, have roots 
which float about freely without penetrating the underlying 
mud. These are termed aquatic roots. They are long and 
slender, do not usually branch, but are covered with large num- 
bers of delicate rootlets of equal length (Hydrocharis, Fig. 8). 

Usually roots are buried in the soil, but in some instances 
they grow above-ground, and are known as aerial roots. One 
class of these roots is particularly worthy of note, namely, those 
of the climbing plants, such as ivy. These spring from the 
stem, are short and thick, and enable the plant as it grows to 
cling firmly to walls, tiainks of trees, or other support. 

Certain plants obtain nourishment neither from the earth nor 
from the water, but from other plants into which they send their 
roots. Such plants are termed parasites (Gr. parasitos — para, 
beside, site^, to feed). Many prey upon the roots of cereals 
(Gerardia), others upon stems and trunks of trees (dodder, 
mistletoe). Many parasitic plants have no green leaves, but 
instead have small yellow or brownish scales (6 c, Fig. 6) ; as a 
rule the whole plant is distinguished by this yellow or brownish 
colour. 

Although in this climate we have few or no examples of plants 
<»f great size bearing aerial rootlets, they are very numerous in the 
tropics. The mangrove forests, which run along the swampy sea 
coasts in the Torrid Zone (in Central America and India, for example), 
are entirely composed of trees bearing aerial roots. The gnarled and 
twisted root branches rise out of the slime and mud in which they are 
iixed, so that the lower end of the trunk is a considerable height 
above the groimd. From every bough and twig thread-like aerial 
roots are given off, which grow downwards and penetrate the ground, 
thus supporting the tree on all sides. The mangrove forests, with 
their countless aerial roots, form an impenetrable thicket, peopled with 
ftwarms of mosquitoes. The air is tilled with poisonous exhalations 
from the swampy ground, where crabs, molluscs, and other sea creatures 
find a congenial abode. In India there are certain trees of the fig 
species (banyan, Ftcus Indira) which likewise give off aerial roots, 
from which, after they have become fixed in the ground, new plants 
originate. 

Under aerial roots we must consider those of certain peculiar 
tropical plants which do not grow in earth, but on the trunks and 
branches of trees (Fig. 1 0). Their roots cling fast to the crevices of 
the bark and the little niches formed where branches are given off, 
but do not penetrate the tissues of the tree like the roots of true 
parasites. They grow on the tree without taking any nourishment 
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from it. Epiphytes (Gr. epi, ui>on, phyton, a plant), or air-plants, w 
the name which has been given to them. They arc peuuliar lu 
tropical forests. Like moss and crcepera in our own country, they 




Fia. 10. 

Orchid, with rnota atUched lo the trunk of & tree 
[Onetdiun PapUio, ui urcbkl bearing tubera im ibi 

root*). 

fi-o<|iiontly cover the tninks ami branches of the trees sn completely 
IIS to liiile them from view. The epiphytes most frequontly met witli 
in the tropics are OrchiiU {OndiUum, Fig. 10, Ejmiemirwn, O-iiintn- 
'j/onnum, in the tropical regions of Amt^nca ; Cmn)»iretliii in Peru), 
mill plants of the pine ap|>le order {TillamUia, in Tropical America). 



II.— THE STEM. 

In common parlance the word slem is used to denote that 
])art of a plant which is visible alicve fti^uiid, and W-ara luavctt 
^ither on itself or on iU branches. In botany it is nswl in 
n somewhat wider sense, as the followin*; paragraph will show. 

lioot and stem to<:ether form the siip{>ort for all the other 
parts of the plant, — leaves, flowers, and hairs; taken conjointly, 
they, i.e., the root and stem, may be conveniently termed the 
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axis. The root is the desceTiding, the stem the ascending axis. 
Usually the root, as we have already seen, grows beneath the 
surface of the earth, the stem above it. This remark, however, 
liolds good only of one class of stems, namely, aerial stems. In 
many plants the stem is wholly or in part underground, where 
it grows in a horizontal direction. An underground or sub- 
terran^an stem is easily distin^juished from a root by its bearing 
leaves, leaf-scales, and buds (the eyes)^ which are not met witli 
on roots. 

] . — Subterranean Stems. 

Underground stems are of three kinds, rhizomes, tubers, and 
hulbs. 
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Rhizome of anemone {Anemone nemorom) ; nat. size. 
a Scar of leaf-scale, d Bud, 6 Leaf-stalk, c Flower- 
stalk, / Roots (fibrous). 

(1.) The Rhizome or MoofstocL — ^When a subterranean stem is 
cylindrical in shape it is called a rootstock or rhizome (Gr. rhiza, 
a root). An example is given in Fig. 11. At the growing point 
is a bud (rf), from which shoot up in spring time a flower- 
bearing stalk (c), and leaves (6), which appear above the 
ground. In the course of the summer the axis of the bud de- 
velops into a new portion of rootstock, on which we can detect 
leaf-scales, or the scars of scales which have already fallen 
off (a). The rhizome here and there gives off fibrous roots (//). 
In autumn the aerial leaves die down, while the rootstock lives 
on through the winter, and in spring develops the bud at its 
apex in the manner above described. The rhizome is perennial. 

Examples. — The anemone (Fig. 11) and lily of the valley are 
examples of plants with horizontal and cree^ring subterranean stems. 
Many aquatic plants' whose roots creep through mud have also 
rhizomes. The bog- bean {Menyanthes tri/oliata) which is common in 
marshy spots, lias a thick greenish rhizome, often over two yards in 



length. The laige, greenish, moch-Bcaned rootstock of the yellow 

water-lily and of calamtia are also familiar. 

^•"- >3. (2.) TSerwJCT-.— Another form 

of subterranean stem is the tuber 
(Fig. 12, 13). In this case one 
part of the stem is developed 
into a thick, usually fleshy mass 
of rounded or irregular sliape, on 
the surface of which are found 
one or more buds. From tliese 
the next year's plants are pro- 
duced. From the tuber nume- 
rous roots originate (to «■}, 

Fig. 12, I., repn;Benta the 
tuber of a common orchid tPta- 
ianthera bi/utia) ; Fig. 12, II., th^ 
Bume in lon^'itudinol section, so 
as to Bhow t)ie bud and leaflets. 
Fig. 13 is the palmate tuber of 
another orchid (Gyinntulenia rtm- 
opeea). The potato tuber is an- 
other example of a thickened aub- 
termnean stem. The eye* are axil- 
laiy buda. 

(3.) rA<6H/6 is a subterranean, 
suddenly thickened stem, en- 
veloped iu leaves, which are 




Fio.12. 
rittm.— rig. 12 [I., II.).— Root ot 
orchid {PtatanUiera bifolia). I. Tuber, 
list, liie ; IL The wune, in lungitudinkl 
Kectioii,twiaeii*t.siu. Fig, 13(111.).— 
Tuber of Oifmnadt 



I diem, r Tuben, k Bud, v Keats. 

either short and scale-like, or thick and fleshy. 
The thickened stem is called the hvlb corf. («, 
Fi;;. 14), the surrounding leaves, if thin and 
dry, bulb saiks, if thick and succulent, bulb 
coatings. The ascending part of the thickened 
stem (a, Fig. 14) l>ears one or more buds, from 
which new stems and new bulbs are fonned 
next year. From the lower end numerous fas- 
ciculated or flbrous roots are j!;iven off (f, Fig. 
14) ; these are merely adventitious ; the primary 
root is always awanting. 

ExAHPLSB. — Tulip, leek, and hyacinth have tuni- 
cated hulbfl ; the white lily, the tiger lily, and the 
Turk's cap lily have scaly bulbs. 




2. — Aekul Stems. 

The aerial stem — the stem in the general sense of the word — 
is elongated and linear or cylindrical. It gives off branches, and 
almost always bears green leaves and flowers. 

Stems may be classified according to their shape, as seen in 
transverse section (see Fig. 15), According to this plan we get 




Fig. 15. 
TAeSfctm.— I. Cylindrical; II. Semi -cylindrical ; III. 

Qiwdr&ngulu-i IV. (juikdrilateral; V. Triangul&r; VI. 

TrilfttersL 
six different kinds — cylindrical (Fig. 15, 1., circular in transverse 
section), sevti-cyli'odrical (II., semi-circular in transverse section). 
square or quadmngvlar (III., square in transverse section), 
quadrilateral (IV., square in transverse section, but differing 
from the former in having the sides of the square concave), 
triajiffiUar (V., three-cornered in transverse sedition, the sides of 
the triangle being straight), and trilateral 
(VI., three-cornered in transverse section, 
but differing from triangular stems in having 
the sides of the triangle concave). 

Stems may be either soft or hard and 
woody. Soft sterna are always more or less 
sacculent, and are green or greenish in 
colour'; in which case they are said to be 
herbaceous, the plants with such stems being 
called herbs. Herbaceous stems are often 
liollow. A peculiar iorm of the hollow stem 
is the ctUm, of which we have a good liJ^i,!.'' l'XJJSi f^m 
example in the grasses (see Fig. IC). The theoutiidejiLiDiungi- 
culm is a hollow (but solid-jointed) stem, ^^"^^ ^^^l ^^ 
which bears leaves at each joint (k). The t Joint, » PartLtioQ. 
joints give the stem a knotty appearance on the exterior. In 
the interior we find, corresponding to each joint, a trans- 
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verse paiiition (w), wliich can easily be seen in a longi- 
tudinal section (II.)- Herbaceous stems are more common 
than woody stems, but the latter do 
not die down in autumn like the 
ibrmer, but live on for years — are 
persistent. Tliey are protected exter- 
nally by a thick rind, the bark. 
riants possessed of sucli stems are 
termed woody. In most cases these 
stems are branched. If they be^nn 
to brand) close to the ground tlie 
plant is a shrub, if tliey rise to a 
considerable height above the ground 
before beginning to branch, the plant 
is a irce. 

A peculiar form of wondy stem 
. is the catidcx, the name technically 
applied to the tmnk of palms, e.g., 
iMioXcea Seychellarum, the Seychelles 
I'alm (Fig. 17). Tliese stems rise like 
a tall slender column, often to a 
'. great height, without giving oft' any 
branches. At tlie upi)er extremity 
I they bear a crown of large leaves. 
I The caudex is usually covered with 
scars tlu-oughout its entire length : 
these are the marks left by the falling 
away of leaves in fonner years. 
Uctween woody and herhncoouB etcms wc find many partaking of 
tho nature of both, but which cannot properly \)e classiHl with cither. 
In Bonie plants, for oxaniplo, the stem is wooily at (he lower part, but 
the branches and ultimate ramilicjitions arc herbaceous. Tlie latter 
(lie down iu autumn, but grow anew in RprinK from the mora hardy 
nnil i>er8iHtcnt parts. The t«rm eawl/'x may also be applied to herba- 
ceous stems which do not l)car leaves except at the top. 

Among the dilfereut a](ecies of plants wo have all varietie-s of height, 
oiicumfereiice, and diameter of the stem. The stems of herbaceous 
plants are for the trnmi part elun<lcr and short ; yet tho tri>pical 
Imnanos, which are neither more nor less than herbs, grow to a height 
eijiial to Ihiit of a tree. Their succulent stems hare as great a circum- 
ference OS an onlinary tree trunk. Among woody plants, the treeg 
frequently attain to a gigantic height, an enormous circumference, and 
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a great age. The highest are found among the palm, the pine, and 
the myrtle families. The cabbage palm (Areea olerar.ea) of South 
America growe to a height of 150 or 160 feet; the wax palm of 
the Andes (Ceroxijlim undieola) to 160 or 180. One species of pine 
{Pinug Lamberliana) in North-weatem America is frequently over 200 
feet, as is also the araucaria (Arauraria excelsa) of Norfolk laland. 
The colossal cypress of California {Sequoia i/tifantea) attains a height 
of 260, the gum trees of South Australia (Eaealypluii obliipta niid 
E. piluiaru) of 280 feet ; while another species (£. amygdalina) is 
said to reach the enormous height of 460 feet. The first two species, 
for all their great height, have a circumference of only 15 feet We 
have given some examples of trees which attain great height ; let us 
now take a few of those which attain to great circumfereuce and 
correspondingly great age. Oaks have been felled in Poland which 
had a circumference of 46 feet, and whose age, when calculateil acconl- 
ing to the mimber of annual rings, must have been 710 years. In 
Lithuania a lime tree was felled which measured 78 feet round, and 
had 815 rings. A yew found in the north of Wales measured 46 feet 
round, and must have been 1400 years old. The famous dnigon-tree 
of Orotava, in the island of Teneriffe {Dracama Draco), was 63 feet 
high, 45 feet ri'und, and was auppoaed to be several thousand years 
old. But these are all excelled by the baobab of Africa (Ailantonia 
digifatu). Some of those trees were foumi in Senegal measuring from 
60 to 70 feet high and 93 feet round, while their age was calculated 
to be over 5000 years. 

These vegetable giants may be compared with the plants which 
grow in close proximity to perpetual snow — Alpine and Polar vege- 
tation. Their stems, frequently woody, are so short that they can 
acarcely be said to rise above the ground at ali At this low elevation 
they bear a crown of thick-set leaves, from the midst of which a 
Howei-stalk is developed during the short summer. 

3. — Peculiar Forms of Stem. 
(1.) Twining Stems. — Many plants 
attain to a good height although tlieir 
stems are slender and weak. This 
they do by supporting tliemselves on 
strongerplant«growing in their neigh- 
bourhood. Because they thus support 
themselves by circling their stems ^-^ 
around the stems or trunks of those 
plants, they are called iwiniwj plants. 
The twining stem may be either her- 
baceous or woody. Fio. 18. 

]!u«,u„.-F.mili.r i™l.«e. of oS^^S.i'^'itS.^^.'S^. 
twilling plants are given by bindweed 6 ft Laaves. 
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and hops. In tiie forests of Waldem the trees are maally covered 
witb huDdreds of twuiera called lianaa (fium Spanish liar, ¥i. tier, Lat. 
ligare, to bind). It is these which render tropical forests so impene- 
tnble. A more or less familiar representative of the lianas is a certain 
species of cane (Caiamue rolang), an East Indian climbing palm. 

(2.) Tendrils. — In many plante certain parts of the stems have 
developed into distinct organa for laying hold of anything 
that may oSer iteelf as a support These are termed tendrih 




Via. IS. 

I. Tendnl of wild vius {Amfdopm ktde- 

raeea); II. Bud of > tendril; o Stem; 

h Voung ImI 1 c c Stipolaa ; d Toidril ; / 

Knd of tendril ; lut. lua. 



Fio. aa 

Lnf-like^cmofPhyl- 



(Fig. 19). In moat cases the tendril {d) originates opposite a 
leaf (i), is frequently branched, and itself bears small scale-like 
leaves (e). Fig. 19, II., represents the end of a tendril which 
had attached itself to a crevice in a wall. 

(3.) Slolons. — A stolon is a prostrate stem, or rather branch of 
a stem. At intervals it strikes root, and at this point s new 
plant develops — e.g., the stravbeny plant. 
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(4.) Thorns. — A spine or thom is a short hardened branch 
terminated by a point {a, Fig. 18). It is covered with bark, and 
frequently bears leaves (J). 

(5.) Leafy stems, — In some cases stems have been developed 
80 as to have the appearance and fulfil the functions of leaves. 
Such are called leaf-like stems. In Fig. 20 we have the leafy 
stem of a tropical milkweed, Phyllanthvs (from the Gr. phyllon, 
a leaf, and arUlios, a flower, because the flower seems to grow 
out of a leaf). What appear to be the veins of the leaf, but are 
in reality branches from the primary stem, are united by masses 
of green leaf-like substance ; they bear flowers at the end (I. b), 
which later on become the fruit (IL/). 



III.— THE LEAVES AND HOMOLOGUES OF LEAVES. 

Leaves grow on the stem or its branches. Their growth takes 
place mainly in two directions, namely, in length and breadth ; 
accordingly they are of a flat shape. Stems and roots have all 
the three dimensions, — ^length, breadth, and thickness ; in the 
language of geometry, they may be said to have body. They 
are most developed as regards length ; the development of 
breadth and thickness is about equal This does not mean, 
however, that leaves have no thickness whatsoever, only their 
thickness is small compared with their length and breadth. 
Leaf-organs include leaves proper and flowers. 

A. — Leaves (Proper). 

This term is also used by botanists to indicate those structures 
popularly called the " leaves " of plants ; they are almost always 
green and flat. We have to distinguish, however, between coty- 
ledons or seed leaves and true foliage leaves. 

1. — The Cotyledons. 

If we cut the seed of a plant in two transversely, e.g., a bean 
(Fig. 21, I., a b), we find it to be composed of two thick, 
haidish parts, which are very important in connection with the 
growth of the young plant. If the bean be buried in moist soil 
it absorbs water ; this causes the two parts (c c) to swell out 
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and burst tlie external coat (/), and the young plailt containetl 
in embryo in the aeed begins to grow. 
Downwards it sends the root (w, III.), 
upwards the stem (s), wliich later on 
bears leaves (b, d) and flowers. Along 
with the stem, the two parts (c r) already 
developed are pushed above the surface 
of the ground, assume a green colour, and 
. become two thick fleshy leaves. As 
lie really formed in the seed, they 
are called seed lenvea or cott/Udons. There 
are either one or two seed leaves in the 
seed, very rarely more. 

Tlie cotyledons aro formed at the expense 
of the parent plant, and contain nourishment 
for the Becdlin<,'. When the seed bugiiis ti> 
gcimiuate, and the young root la still unablu 
to absorb nourishment from tht; soil, tho 
nutritive matter stored up in the culyleduns 
makes its way to tho growing ))urts of tho 
' plant, and provides it with means fur farther 
~.^. ,„^.v^„....^ III. growth. The iiutritivD properties of legiimi- 
Seedling ; ntt. aiie. /Shell nous plants (bcans, lentils, peas), upon which 
of the ««<l, c r CntyledoDs. tlieir vitlue as artirles of food di-jx'nds, aru 
L^T'' "^d'*" ' ^**"' * entirely owing to the store of nourishment 
"**■ " ■ accumulated in the cotyledons. What was 

fit food for the plant K lit food for ua. Cooking does for man what 
Kormiuation <loes for the plant. — rendering tho nutritive matter cn]i' 
alio of utilisation by the organism. 

2. — The Foliage Leare.t. 
The ordinary or true leaves are (levelufwd from leaf-buds in 
the following manner : — If we examine a leafy branch in summer, 
we find in the arils of the leaves, — that is to say, at every point 
where leaves spring from the stem, — and in the angle hiturfii 
the stem and the leaf, a leaf-hid, Leiif-buds form little piv- 
niinences of a greenish or brownish colour, and in the early 
stages of growth are sometimes called "eyes" [e.g., in the rose). 
In the course of the summer they attain their full size, anil 
become plainly discernible when in anlunin the nccompanying 
leaf falb off, leaving a sear behind it (6, Fig. '11, J). Tlie surface 
of such a scar has the appearance shown in Fig. 2~J, I. The 
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buds (k) live over the winter, and give rise next spring to a new 
leafy twig or shoot, so that 'where this 
year we had merely a leaf, we have next 
year a branch bearing leaves of its own. 
This branch in the course of the summer 
develops as many buds as it has leaves. 
The whole of the coining shoot is con- 
tained in the bud, as we can see if we 
examine a longitudinal section of a bud 
with the lens (Fig. 22, II.). In the middle 
is a somewhat blunt-pointed body, the 
J'uture branch or axis (a). On both sides, 
closely packed and folded together, lie the 
young leaves, which are already of a bright 
green colour (6 b). Externally, the bud 
is coat£d with liani, dry, brown scales, — ' 
the hud-scalea {d. Fig. 22, II. ; k. Fig. 
22, 1.). 

The leaf-scales are of great importance to 
the bud, since they render it capable of 
standing the winter. Closely overlapping ooe 
another as they do, thpy form a sort of ' . 
armour, which protects the tender internal J^ 
jiarts from harm. Many bnd-acalea have a 
bitter taste, which prevents insects from 

attacking their precious contents. Many °^ branch yet in tha bud, 
secrete a sticky, gummy, or resinous substance, and thus cement them- 
Bclves together, forming an effectual protection agaiiiat cold and damp. 
One can easily see the extent to which this secretion of reain and gum 
goes on by a glance at the opening buds of tiie horse chestnut, which 
are so thickly coated over with the sticky fluid that they shine when 
the sun's rays strike upon them, and, if touched, adhere to the fingers. 
If, however, all these precautions should prove unavailing, and the 
Imd should be destroyed, — as may happen by frost, for example, — 
the plant does not remain throughout the xiimmer bare and leafless. 
Heni-.ath the bark there are yet other buds, which only develop 
further when by any mischance the ordinary buds are destroyed. 
These are termed lutcut buds. 
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ncUon, enlarged 3 
I Budi, b Lea(- 

dd Bud.«c&lea,a Axi* 



(a.) Parts of the Zeaf. 

In a typical leaf tlie following parts may be distinguished. 
Eetween the stem and the blade of the leaf, there is, as it were. 
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a secondary stem bearing the leaf at tlie further end. This 13 

the leaf-tialk or petiole (s6, Fig. 24, 1. II.) The flat preen part is 

- the lamina or blaiU. Two 

_n parts of the leaf may be 

* s yet more particularly de- 

.- \ nominated, viz., the fttwe of 

—-j n the leaf, or that part where 

the petiole ends and the 

blade begins, and the apex, 

or uttermost tip of the leaf, 

situated at the op)K)site 

extremity of the hkde from- 

the base. The leaf blade 

is penetrated by veins or 

nerves. lu many instances 

the ve'in which traverses tlie 

Fio 2L blade iu the long direction, 

Fig. 23.-1*^ of hon<™cU«(i™.Wm ^■^■' f^™ ^'^^ ^ ^'P. ^nd 

Xgiotteum) ; uL liie. 6 Bue, a Apei, n 6 which represents the pro- 

mater. Fig. 24.-Le.Te. of bud cheny longation of the petiole. 13 
IPrwxMtariHm). I. End of . rfioot ; nu. liia. the Strongest ; it is Called the 

JI. Stipules ; twice tut lixB. t Stem, lb - , 1 /T v .1 1\ «M 
Lt»f..t»]k or petiole, •• Stipulea, b Bue of midrib (A, i-lg. 24). When 
the le«(, a Ape., A Midrib. (Veins, ^BWe. the Other veins likewise 
spring from the same i>oint at the 
base of the leaf, and run parallel to one 
another to the tip (Fig. 25, 1.) the leaf is 
said to be parallel veinal. When they 
Bpriog in pairs from the midrib aud 
run towanls the margin, they are 
simply called wi'na or veinlets, ac- 
,, ,. , ' „ , cording to their size, and the leaf i3 

IL KeUcuUted. said to be reticulaied. 




Fio. 25. 




(b.) Siuipes 0/ Leavea. 
ljsa.ve» v&ry much in shape, but there are three simple forms 
from which the more complex are all derived. I'hese arc 
orbieuiar or circular, elliptical, and ovale (Fig. 2ti), In the circle 
the longitudinal and transverse diameters are equal (I., a ( and 
d e). They bisect each other at tlie point e, the centre of 
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the circle. In the ellipse (II.) the loDgitudinal diameter or 
major axis (a b) is greater than the transverse diameter or minor 
axis (d e) ; these two likewise bisect each other at the centre of 




Fio. 26. 
The three primary types of leaves. 
L Circular, IL E&iptical, IIL Ovate, 

ab '^ dt a6><l« ab > d 9 

ac^be ac^be ae>be 

the ellipse. In the oval (III.) the longitudinal diameter (a b) 
is greater than the transverse (d e) ; they intersect each other 
in such a manner that only d eia bisected at the point c, while 
a & is divided into two unequal parts, and c is not the centre of 
the figure, but lies in the lower half. 

The three primary types of leaves may be expressed by the 
following formulae : — 

L Circular or OrbiciUar. IL Elliptical. IIL Ovate. 

ab = d e ab > d e a b > d e 

a c = b c a c = b c a c > b c 

Examples. — Circular leaves — alder, aspen; elliptical — beech, 
cherry ; ovate — honeysuckle (Fig. 23). 

From the primary types we have the following derivative 
forms : — 

(1.) Reniform or kidney-shaped, and cordate or heart-sliaped, 
are formed by excision of part of the base of the blade (Fig. 
27, I. 111.). Renifomi or kidney-shaped leaves have the base 
rounded on either side of the midrib. The outline of the base 
of the leaf is gently curved, not forming a sharp angle where it 
meets the lower end of the midrib. The term kidnej/sh^aped or 
renifai'm is applied in its most restricted sense to leaves of the 
circular type having this form of base (I.). Leaves of corre- 
sponding shape derived from the ellipse are termed oblong/ 
reniform (II.), those derived from the ovate form, ovate reniform 

(III.). 
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ExuiPLBS. — Rejii/orm — Ground ivy; oUong reai/orm — marsh 
marigold ; ooaie reniform — white water-lily. 

Cordate or heart-shaped 
leaves (Fig. 27. IV.-VI.) 
have the outline of their 
rounded base turned in 
so as to form a notch or 
sinus where it meets the 
midrib. In the strictest 
sense of the term the 
word hmrt-sJiaped is ap- 
plied to ovate leaves hav- 
ing this peculiar form of 
base (VI.). Elliptical 
leaves with the same base 
are termed oblong-cordate 




Fio. 27. 
P LlAVKH.— L Reaifom; II. Oft- ... , , ■ , " i ■ i 

; III. Om(« r™.>™,- IV. Orfti- (V.), orbicular, orbicular- 



cular cvrdalt : V. OUoag mrdate ; VI: Cordate, cordote. 



dalt 



£zAMPLP.8. — Cordate — syringa, lungwort, bitter-aweet ; oUong-cor- 
-yellow waterlily ; orhiadar-cordate — lime, figwort. 



(2.) By addition to the apex pointed leaves take their rise. The 
addition forms an acute angle, into whose vertex the midrib is 
prolonged. If this takes place with the elliptical form as 
jjrimary type, the leaf is pointed elliptical (Fig. 23, I.), if with the 
ovate, pointed ovate (Fig. 28, II.). Both sliapea are alike, excejd 
that in the pointed ovate the greatest transverse diameter is 
found lower down than in tlie pointed elliptical 

Cordate and roniform leaves may also have a point of tlio above 
kind ; they are then called pointed cordate and point»l reniform. 
iiJUMPLES. — Pointed ellij>lical~sago ; pointed cordate — syringa. 

(3.) If both the ape.\ and the base are pointed, the leaf is said 
to be lanceolate, when formed on the primary elliptical type 
(Fig. 28, in.) ; ov/itc lanceolate when formed on the ovate tyjre 
(Fig. 28, IV.), Lanceolate nnd ovate- lanceolate leaves look very 
much alike. Tlie following are some points of distinction 
between them: — In lanceolate leaves the transverse diameter 
intersects tlie longitudinal diameter in the middle, in ovate 
lanceolate, a little below the middle of the leaf. The former 
have the greatest breadth at the middle, the latter a little 
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below the middle In lanceolate leavee the point at the lipex 
and the point at the haae are of the same size and shape ; iit 
ovate lanceolate the point at the base is broader and less acute 
than that at the apex 




KXAMPLSs. — Lanceolate — willow-htirb, flax, buckthorn, oleander ; 
ovate lanceolate — bugloss. 

Nofe, —Lanceolate leaves which are very long in proportion to their 
breadth are called narrow or linear lanceolate. 

(4.) Ovate reniform and conlate leaves are further modified 
to form hastate, or halbert-shaped, and sagittate, or arrow-shaped, 
leaves {Fig. 29). Eadate leaves are ovate renifonn leaves witli a 
pointed apex, and two long 
pointed projections at the 
base instead of the usunl 
rounded lobes. The same 
applies to sagittate leaves, 
only the primary type in 
their case is cordate (Fig. 29, 
II.). The principal distinc- 
tions between the two shaj^s " 
of leaf are as follows : — The 
pointed lobes at the base of 
haatat« leaves form a curve 
at their junction with each 
other and the midrib; those of sagittate leaves form an angle. 
The lobes at the base of hastate leaves point outwards from the 
leaf-stalk ; those of sagittate leaves droop somewhat downwards 




Shapes at Leaver.— I. HaMatt ; 
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Examples. — Sagittate — Arum, aagitUria or Brrow-head ; liaetaie — 
eheep'a Borrel, 

Hote. — Sagittate leaves whose lobes, instead of being sharply pointed, 
are rounded, are called cordate sagittate (bindweed). 

(6.) Many leaves not only have an incision at the base, but a 
r.bries of incisions all aloi^ tbeir edges (Fig. 30). These are 
arranged as it were in pairs, passing iuwards from the margin 
on either side towards the midrib. When the notch or sinus, 
formed by the junction of two incisions, is acute, the leaf is said 
to be cle/t (I.) ; when a rounded curve i^ formed the leaf is said 
to be iobed. The leaf, Fig. 30, 1., is cle/t orbicular, because its 
primary type la the circle ; Fig. 30, II., is Iobed elliptical, because 
its primary type is the ellipse. 

ExAUPUiB. — Cle/l orhieidar — lady's mantle ; Iobed elliptical— obk. 

In all leaves hitherto described the green Made forms an undi- 
vided whole; thty are called simple leaves. 
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RhaPM or LlAVES.— I. CTcft; 11. LoM- I- Palmatt; II. Pinmatf. 

(6.) When tlie incisions penetrate so deeply as to reach the 
)>oint where the veins spring from the midrib, the leaf Incomes 
cut up into distinct parts or segments, cnlltd leajlits. All leaves 
(■nmi>osc<l of several segments or leaflets are called comjxnmd. 
There are two kinds of compound leaves, palmate and pinnnte. 
In palmate leaves (Fig. 31, 1., corresponding to Fig. 30, 1.) the 
leaflets all originate from one point at the l»ase of the leaf; in 
;Mnnn/<leaves(Fig. 3I,II.,correspondingtoFig. 30, II.) the leaf- 
lets are arranged along the miilrib in pairs. 

Examples. — Palmate — horeo chestnut, lupin ; jtinnate — locust tree, 
vetch. 
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(7.) Pinnate leaves are of several kinds (Fig. 32). 

(a.) The trifolidaU leaf is composed of a pair of leaflets and 
an odd termiiial one; all three leaflets spring from one point 

The trifoliokte leaf forma the link between the pinnate and palmate 
foiins. It may even be regarded aa a palmate leaf, having only three 
leaSets, 

Examples. — Tn/o/iVi/aie— white and red clover, hibumum, aorrel, 
bogbean. 

(6.) Impari-pinnate leaves are composed of a certain number 
of pairs of leaflets with an odd leaflet at tlie end, i.t., they have 
ulways an odd number of leaflets (5, 7, 9, 11, 13). 

Examples. — Impari-pinnale — locust tree, rose, 

(c.) Pan-pinnate, or abruptly pinnate, leaves are similar to the 
impari-pinnate, but the odd leaflet is awanting (Fig. 32, III.), ie., 
they have always an even number of leaflets (4, 6, 8, 10, 12). 

ExAMPLEa — Pari-2»nnate — wood vetch (tmtbus). 




(d.) A Itematelj/ pinnate leaves (Fig. 32, IV.) are impari-pinnate 
leaves, of which only the alternate leaflets of each pair are 
developed. The number of leaflets may be either odd or even 
(3, 4, 5, 6, 7). 

Examples. — Alternately pinnate — the potato. Allemafelfi pinnate 
leaves may also be modifications of the pari-pinnate form, in which 
case there is no leaflet at the end. 

(e.) Bipinvate or twice-pinnate leaves (Fig, 32, V.) have com- 
pound leaflets where the ordinary pinnate leaf would have 
simple leaflets. 

Examples. — Bipinnate — water hemlock ; many ferns. 
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Note. — A difttinctioti is to be made between impari-btpinnale (Fig. 
32, V.) and pan-bipinnale leaves. Also the simple leaflets of tit- 
pinnate leaves msy be further broken up into compound leaBeta wlieii 
the leaf is said to be tripinwitc or thriee-pinnate. 

The gradual transition 
of leaves from simple to 
compound is well exempli- 
fied in the case of the 
Philodendran and 7<ir- 
velia or Moiutera species. 
Tiiese are climbing plants 
of Tropical America which 
grow in mud, or clinft to 
surrounding trees by means 
of H^rial roots. In the 
early stages of j;rowth the 
leaves of those plants are 
perforated by somewhat 
long-shaped openings, 
which by -and- by unito 
with the margin and form 
deep indentfltions. lie- 
V niturJ .™. j,;„j (1,^^^ ^.^ fret|nently 

find another row of openings,, which in theic tuni unite with the 
indentations of the margin, and the fonnerly cordate leaf becomes 
almost impari-piunate. 

(8.) PenUiar /oi-ms of Leaves. — We have now olitained somn 
notion of tlie principal shapes to 
be met with among leaves. There 
yet remain, however, several im- 
portant forms which we must coti- 
I sider before going further. 

(a.) Ziwfflrleavesare long, narrow, 
I and flat, not unlike n foot-rule. If 
in addition to this they are stil'.", 
they are aiiid to be sword-shaped. 




Fio. 33. 
PrrfonUtd tea/ of Monttrra dtliflou 




ESAMrLEs. — Linear — rj-e, 
barley, wheat ; ttcm-d-»haiieil - 
calsmus, gladiolus. 






V 



PiD. 34. Fio. 35. 

Fig. SA.—Paimat^n dr^mpound (b.) Acwu!ar \e(ives OT nffdlfSfiTO 
'-*. ,"' ^' ^^'"^^"3, '*;",r':^,^ strong, stiff, narrow, and pointed. 

ExAUpLEs — Pief.iUe* arc character- 
istic of the pines (Fig. S."!), and occur also among many of the myrtles. 
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(c) Deeompmind, diffitately or palmaiely decompound leaves 
(Fig. 34) are midway between cleft and palmate, or lobed and 
pinnate. The indentations of their margins are so deep that 
they almost reach the midrib. A small strip of the green blade 
is, however, left on either side of this and of the other veins. 

Examples of leaves betueen cleft and palmale are buttercup {Fig. 34), 
hetwetm- lohrd and pinnate, cumniin, fool's parsley, carrot, and oUier 
UmbeUiferaj. 

(d.) Many plants bear leaves of different shapes. On many the 
root-leaves, or leaves growing on the lower part of the stem 
immediately above the root, differ from those wliich grow higher 
\tp. More rarely we find two quite different sorts of leaves on 
the same branch (Fig. 36). 

ExAMFLBS. — Shepherd's pureo is 
a plant whu^e root-leaves differ 
from the ordinary leaves. The gnai 
trees {Eucalyptiu) of Austnth'ti, 
already referred to, bear, in tho 
early stages of growth, two differeiit 
sorts of leaves on the eame branch. 
"Water plants, some of whose leaves 
are above water, some below, have 
often two different sets of leaves, 
one specialised for floating on the 
Burface, the other adapted for 
remaining always subnierge<l. In 
the water buttercup (Fig. 36), tho 
floating leaves are simply lobed __ 

{b) ; those which are perpetually pio, 38. 

submerged are much divided, and WaUrlmUeTn.pi.RaBiint^-lMa'iwtiJM: 
almost thread-like. nau siie. « Stem ; / Fruit ; a Sub- 

. , mereed : i FloatinK leaves. 

■ (9.) The Margin.—Cleh and ^ 

lobed leaves are the result of marginal indentations so deep 
that the shape of the leaf is essentially altered thereby. It 
very seldom happens that the margin is quite smooth and 
entire ; usually it is toothed or notched, so that, although 
essentially changed in shape, the leaf yet assumes a certain 
definite and characteristic appearance. Tlie principal forms of 
marginal outline are tlie following (Fig. 37) : — 

(a.) Serrate. — The margin is said to be serrate when it has small 
sharp teeth, like those of a saw, which form an acute angle with 
one another where they meet, (ft.) Bmtbly serrate is the name 





Fio. 37. 
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applied to a serrate margin where we find a large and a small 
tooth alteiTiately. (<;.) A runcinate leaf is one which has large 
irregularly shaped 
teeth, usually di- 
rected downwards, 
each tooth fre- 
quently having its 
margin broken by 
smaller serrations. 
(d.) The margin is 
said to be dentate 
or toothed (III.) 
when tlie sharp-pointed teeth form an obtuse angle with one 
another wliere they meet, or where we bavo a flowing curve 
between the points, (e.) A leaf is said to be spinous when 
the t«eth end in strong, sharp, thorny prolongations, (f.) 
Crenate or scalloped (IV.) leaves are like tliose with a serrate 
margin, only bore the teeth are rounded instead of pointed. 

Examples. — Margin mliiv — irifi, locust, pea, laburnum ; gKrrrite 
—strawberry, row, 8|>])le ; duuhlij serrate — birch, briar, elm, alder; 
nineinale — dandelion ; deuMe — nightshade, bnwkweed; sjitwnu — 
holly, thistle ; creBufe— firound ivy, garlie-mustard. 

I.eavea may be either thin and flexible, or tliick and stiff (leathery). 
The former, in our cliinate, die iluwii in autumn, and their ploee is 
taken in spring by a fresh set The thicker sort are frequently able to 
resist the cold of wint«r, and because their leaves do not fall off 
regularly like those of their more delicate neighbours, plants possesS' 
ing them ai« called evergrecnA. Indigenous trees bearing such leaves 
are holly, laurel, box, piuea, and firs. 

Tlie size of leaves in the Tempomto Zones is not very remarkable. 
The largest we have do not exceed 18 or 20 inches in length. In 
warm countries, however, leaves sometimes attain a prodigious t\ta. 
The lai^cst leaves (pinnate) are to be fnund among the palms, thaicof 
the cocoa palm measuring frequently 10 or 12 feet, while the leaven of 
the jagiiii palm of the Orinoco reach a length of over 1.5 feet. These 
are equalled by tlie elongated simple leaves of the banana. Many of 
the tropical arums have likewise gigantic leaves ; those of Caladtain 
are cordate sevjittaie, and attain a length of 6 feet. 



3, — Kinds of Lrarts. 

We have already explained that stem and root together are 
to he regarded as the axisofthe plant. Structures of the nature 
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of root or stem are axial organs ; leaf and hair structures are the 
appendages of the axis. Leaf structures include the seed-leaves, 
already de&cnhed, flowers, whose description will follow later on, 
ondfolia^ge leaves proper. 

The typical fully developed leaf consists of three parts, the 
hl^ide, the petiole, and the hose of the petiole. The blade and the 
petiole have already been described in a general way ; the base of 
the petiole is that part of the leaf-stalk which lies next the stem, 
usually in some measure embracing it. It is frequently mem- 
branous and grooved on the upper side (Fif^s. 34, 36, b). 

Sometimes all three parts of the leaf attain full development ; 
sometimes one, or even two, may be suppressed. 

1. When the base of the petiole only is fully developed, the 
petiole and blade being wanting, we get a leaf-scale. Such scales 
are not unfrequently met with on underground parts of the stem, 
and are sometimes called subterranean leaves or under-leaves. 

Examples of these are found in the external scales of Tarious bulbs, 
e.g., onion, crocus, fritillary, Turk's cap lily (Fig. 3, Fig. 14) ; also in 
the leaf-scales of the anemone (Fig. 11) and the bud-scales of tubers 
(potato, wild hyacinth. Fig. 12, k). 

Leaf-scales are not so frequently met with on that part of the 
stem which is above ground, nor are those which we have 
termed vnder-lcaves, but they do occur sometimes, e,g., in 
Monotropa Hypopitys (Fig. 6). We must, however, reckon as 
" under-leaves " the scales which envelop leaf-buds (Fig. 22). 

2. When the base of the petiole and the blade are well 
developed, and the petiole is awanting, or when the blade only 
attains perfection, petiole and base being absent, we get what is 
called a sessile leaf. 

In many sessile leaves the blade develops so as entirely to 
surround the stem, when the latter looks as if it had been 
pushed through the leaf; the leaf is then termed perfoliate 
(Fig. 40). When the blades of two opposite sessile leaves grow 
together by union of their bases, so as to have tlie appearance 
of a single leaf with a stem passing through it, the leaf is said 
to be connate (Fig. 38). 

Examples. — Sessile — jflax, henbane, woodruff (Fig. 65), garden 
poi^^j ; perfoliate — wax-flower (Cerinihe major), round-leaved hare's 
ear (Bupleurum rofundifoliutn, Fig. 40) ; connate — lesser dead-nettle, 
gai-den honeysuckle (Fig. 38). 
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3. When petiole and blade, or petiole with its expanded base 
and blade, are all fully developed, the leaf is said to be ptiiolate. 
Fw. 38. The petiole is in most 

cases stem-like (Fig. 15). 
It may be cylindrical, 
semi-cylindrical, &c. In 
many leaves the blade 
consists merely of a nar- 
row strip running along 
either side of the petiole, 
in whicli case the leaf is 
said to be Kinged. In 
others the base of the 
petiole is expanded so as 
to form a pair of small 
leaf-like appendages or 
etipides, wheu the leaf is 
said to he stipulate (a, 
F,.. S9. Tto. («. j,| jgj Union ot tliB 

Fic. 3S. — Connate l^avcaof honevHuckle (Zoni- , , , ., •. , , 

«TO (,'apr(ftrfiui"): Mtiiie. Fig. 39.-Imp»ri- lobes of the blade above 
pinnate leaf of rose [Han cmtijolio), with md- ^he petiole cives rise 
nala itipultH at bane of peU.ile (a ) ; half nat ^ ^, "^ „ ° , . , , 

aiw. Fig. *|i.— Perfoliate leaf of hare'i ear tO tllC peltate Ot ihuM- 
IBupUurum rotuxdi/olUxi) ; nat .ize. shaped leaf (Fig. 41). The 

petiole in such leaves is not united to the blade at the base of 
the latter, but in the centre of the underside, the outspread blade 
thus looking like a disc or plate 
supported on a slender stalk. 

KxAHPLES. — Petiolafetl leave* : 
cherry, oak, birch, elm; wingcti — 
citroD, mullein; sli/mt'ile — r08e(Fi(j. 
39); ghuld-g/ia/'al — penny- woit 
(Fig. -11). The bnso of the petiole in 
very etrongly marked in buttercup 
(Fig. 34, ]H;ti<)lBte icaf), Hnd amoii^r 
the grassca (Fig. 44, ecssile leaver). 

Stipules. — The stipules (n, Fig. 

42) are lateral appendages, at the 

*'"■*'■ base of the petiole. They mav 

,.]!J,r;iSZ/";';:ST«iZi «pre.ent the free edges of tl.'e 

from above. II. From the aide. expanded basc o( the leaf-stalk 

near its point of origin from the stem. They are found on 
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maDy planhs^ but frequently fall ofi* veiy early (e.^., in many 
foliage plants), and by the time the foliage leaves are fully 
developed have entirely disappeared. They mostly appear in 
pail's, occasionally singly. Their form is very diverse. Just as 
in leaves, so also in stipules, we have all manner of modifica- 
tions of the outline. Frequently they attain a considerable 
size, e.g., in the pansy (n, Fig. 42), where the pinnately cleft 
stipules ai'e almost as large as the ordinary foliage leaf (5). 
Sometimes they take the shape of thorns, as in gooseberry 
(n, Fig. 43). The ligule of grasses may also be classed among 
stipules (Fig. 44, A). The linear leaves of grasses have no petiole, 
but instead, a large sheath (s), which embraces the stem. At 
the junction of this sheath with the blade we find a small 
transparent, colourless scale, the ligule (h). 




Fio. 42. 



Fig. 43. 



Fig. 44. 



Fig. 42. — Pinnately cleft stipules of pansy ( Viola triccHor), 
Fig. 43. — Spinous stipules of gooseberry {Ribet Grouvlaria). 
Fig. 44. — I. II. Ligule of a grass {Poa annua) ; 9 Base of 

petiole ; A Stipule or Ligule ; 6 Foliage leaf, nat size. Fig. 

44, II., twice nat size. 

Upper or Floral Leaves, — According to the position wluch 
leaves occupy on the stem, they are termed undei\ middle, and 
upper or floral leaves. Uhder-leaves are those before described, 
which grow on the underground parts of the stem, or form bud- 
scales ; middle leaves include all tliose on the part of the stem 
which is above-ground, with the exception of those in tliu 
immediate neighbourhood of the flower, which are called upper 
or floral leaves. Floral leaves may form either a spathe or a 
bract. They serve to cover and protect the flower from injury 
wliile it is yet in the bud. In many cases these leaves have 
reached a considerable size, while the flower bud is still very 
small Some flowers have neither spatlie nor hracL 
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(a.) Srads. — Bracts cover single fiovjtrs wbile yet in the bud 
(Figs. 45 and 61). They arise from the stem at the same point 
as the flower-atalk, and are usually 
situated Lelow it. They are small as 
a rule, and may be linear, lanceolate, 
coidate, or ovate in shape. Occasion- 
ally they are compound (deeply cleit 
iu the lousewort (Fedicularia), and they 
frequently assume bright colours, eg., 
violet in the purple cow- wheat). 

(J.) SpatJies. — A spathe is a floral 
leaf which is attached to a cluster of 
flowers, not merely a single blossom. 
It grows on the common foot-stalk or 
peduncle. In Fig. 47 we have the 
spathe (p) on the peduncle (s) of the 
flower of the lime. The spathe is iu this case of a yellowish green 




Fio. 45. 
Braet M at the floi 

of ft beU {Campania Tr 



(i) 



inn). ■ nower-atalk ; a Stem, 




Fio. 47. 
flpalSt (r) of the lime 



colour, somewhat leathery in texture, traversed by a network of 
small veins, and obtusely lanceolate in shape. In many cases 
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the spatbe is very lai^, slifT, and not green in colour. It tlieu 
encloses the flower cluster in the bud, and is called the sheath. 

ElxAUPLES. — The palms have a green flower-sheath, the much 
cultivated calla (Rieliardia Africana) a white one. Fig. 46 Dbowa 
the white sheath of the common marsh calla ; in the arum the sheath 
entirely surrounds the flower oluat^r, and is golden grceu in colour. 

When there are several bracts beneath a cluster of flowers 
they form what is called involucre. The involucre bears the 
most intimate rektionship to the flower, and shall therefore be 
treated of with it. (Under this term is included the circle of 
bracts of the Composite, aud the involucre and bractlets of 
Umbelliferfe.) In certain plants the bracts assume the form 
of ordinary leaves, e.g., wood anemone. Here we find three 
large, green, trifid, much indeuted leaves, from the midst of 
which rises the flower-stalk, with no middle leaves, but floral 
leaves or bracts only. 

4. — Leaves modified to fulfil Special Fanctions. 



It has already been said that stems 
form organs of prehension, or len- 
driJs ; leaves may be modified to 
serve the same purpose. We have 
tha&etem tendrils and leaf tendrils. 
A leaf tendril is simply the midrib 
of a leaf which has lost all traces 
of blade ; it is capable of twiniiijj 
around the stems of other planU. 
In Fig. 48 we have the leaf tendril 
of the pea. The leaf in this case 
is impari-pinnate : the first and 
second pairs (1, 2) are normal, the 
third, fourth, and fifth (3, 4, 5), 
and the odd leaflet, have been 
modified to form tendrils, lioth 
stem and leaf tendrils have the 
same function to fulfil during the 
life of the plant, viz., that of 
prehension. Looked at merely 
with regard to their functionp, 
they ore absolutely alike, but as 
parts of the vegetable organism 
they are essentially diSurent ; tbe 
former are homologues of the stem, 
the latter of the leaf. 



frequently modified so as to 




F10.IS. 

Leaf tendrili of the pea{i'MunM(i'ivm). 

« 3t«iD ; n Stipules ; lulf lot too. 
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In many pknts we find peculinr ilerelnpments of the petiulo, most 
intiraately coanected witb the hahits of the plant. The surface of 
many of the rivers of Tropical America (Surinam, the Antilles) is 
covered by vast numbers of specimens of a common water-plant named 
Pontederio. The stem of this plant grows in a horizontal direction 
close under the surface of the water, heiiring at intervals a nuniber of 
leaves and a thick tuft of aquatic roots (Fig. 8). The leaves (Fig, SO) 
are bright green, glossy, smooth, and of a somewhat circular slui|)e. 
Externally, the petiole is swollen out balloon-wise towards the middle, 
internally it is perforated like a sponge : the whole forma a bladder 
filled with air, which supports the plant on the surface of the water. 
A more familiar example of the eame structure is given by our own 
lvate^che3tnut (Trapa tuilaTU). 

In other plants we find that the blade of the leaf is capable of 
moving on the petiole. 
In such cases we find 
a cushion-liko promi- 
nence, often covered 
with hairs, at the upper 
end. In Fig. 49 we hive 
an example of such a 
leaf in the thrce-lobed 
wood - sorrel. During 
the day the three leaf- 
lets aro outspread (Fig. 
49, 1.), at night, or when 
the air becomes cool, 
tlicy hong down ti>- 
wards the petiole {Kig. 
49). Noteworthy also 
in this respect are the 
movements of IIclyM- 
ivin i/!/ratu. Like sor- 
rel, HfhjKaruni has 
three lenflets, one large 
and two small. In 

warm weather the small 

Fig. 50.^Le»f of Poiitederi«(/'i>ii(n/(Tio<TMnpfi) leaflets keep up a per- 
witb bladder-Uke petiole ; tiat. lize. jwtTial ewoying move- 

ment, like the swinging of the pendulum of a clock. 

Very remnrkable are the leaves of a certain section of plants, wlneli 
have l>een called iiiKct-fitiii;! cir iiutefUvoi-oiu planit. These do not, 
like other plants, obtain nourishment by means of their roots, but hy 
tliyir leaves, in the manner jiresently to be described. On the surfaci« 
of their leaves provision is made for catching insects, which, once 
caught, arc held fast until they die of hunger and exhaustion. There- 
after a viscid fluid, having digi;stive properties, begins to ooze out from 
certain glands, which by-and-by covers the di.'ad in.-^ct, and from its 
body oil the nutritive material it contains. This process over tlie 
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fluid is reabsorbed by the leaf along with the animal matter it has 
extracted, the latter being then utilised for the noiuishment of the 
tissues of the onanism. Many and varied are the contrivances for 
catching insects which these plants exhibit. In the Yenus' fly- 
trap {Dionma musdpiUa) of America, the midrib forms a sort of 
hinge, on vbich the two halves of the leaf fold together, while the 
bristles which fringe the edges become Aimly interlocked. The insect 
is thus imprisoned in a living tomb, which does not open until all 
movement on his part has ceased— in other words, until he is dead. 
In our own sundew (Drosera) the whole surface of the leaf is covered 
with long, straight, glandular liaire. If an insect alights upon this 
plant, the hairs immediately begin to bend over, eo as to enclose it and 
press it down towards the surface, while the viscid secretion exudes 
copiously from the red glands, causing speedy death to the prisoner. 




FlQ. Bl. 

Two pitohetB □[ Xrpenthei. To the right N. Oulnmiana i t 

tin left N. rofruKii ; tbree-ffiurtha nat. aiw. 
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Moet wonderful of all, however, are the pitcher ptanto of the 
tropics (Nepmiheg, Fig. 61). In these the midrib of the leaf is pro- 
longed beyond the blade, and bears at its apex a daintily shaped 
pitcher. The pitcher is somewhat pear-shaped, and has a Ud, which 
secretes a sweetish viscid fluid, while the walls of the pitcher also 
secrete a large quantity of fluid. When the lid has opened, the 
pitcher is visited by numerous insects, attracted by its tempting con- 
tents. Many of these unwary visitants ventun down into the fluid, 
where they are speedily caught and eufl'ocated They are aftervaids 
digested and utilised by the plant as food. 

5. — Phyllotaxis, or Arrangement of Leaves. 
Fkyllotaxit is the technical term used to designate the distri- 
bution of leaves on a branch or stem. If the leaves are arranged 
singly on the stem so as to look at first sight as if quite irr^ular, 
the arrangement is said to be altemaie (Fig. 53). If the leaves 




Fio. 62. Fio. 63. 

Fig. 62. — DeouusM lekf urannmeDt of tha iTiiDga 
(Synnsa wlaaru). Fig. GS.— AlteniAte leftt knuge- 
ment of ths bud chert^ (/Vunw anu ■■} ; -1 D*t. ule. 

spring from the stem at the same height, and one on either side, 
80 as to form a pair, the arrangement is said to be opposiie. 
Again, if pairs of opposite leaves are so arranjied that the long 
diameter of the first pair runs from right to left, of the second 
pair in a direction at right angles to that of tlie first, of the 
third again from right to left, the arrangement is said to be 
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e (Fig, 52). When eeveral leaves stand circularly round 
the stem at the same height, the arrangement is said to be 
■whorled or vtrticUlate (Fig. 55). 

Note. — A branch with opposite leaf arrangement may be dis- 
tinguished from B pin- 
nate leaf hj the fact 
that buds are found in 
the axils of ite leaves. 
ElxAKPLBS. — Alternate 
— apple, cherry (Fig. 63) 
oak ; opposite — snow- 
beny (Fig. 54; in snow- 
berry the leaf arrange- 
ment on young shoots 
is deeutaaie), ash ; de- 
eustate — syringa (Fig. 
52), dead-nettle, chick- 
wmkI ; whorkd — wood- 
ruff (Fig. 55). 

Laws of Pkyllo- 
taxit. — Even in cases 
where the distribution 
of leaves sebms most 
iiregular, a certain sys- 
tem — theresultotdefin- 
ite laws — still prevails, 
although frequently 
very difficult to make 
out Suppose that, ' 
while slowly rotating 
a stem about its own axis, we dmw on its surface a line 
beginning at the base of the foot-stalk of the first leaf, there- 
after prolonging it so as to pass through that of the second, 
third, and so on, the result will be a spiral or helix which 
touches the point of origin of all leaves on the stem.' If, starting 
^ain from the first leaf, we endeavour to find the one directly over il, 
we shall find that the spiral, before touching it, has made a certain 
number of turns (1, 2, 3, 5, &c.), and in so doing has psssed through 
the points of attachment of a certain number of leaves (3, 5, 8, 1 3, &c.) 

1 To illuitrkte thii ([oral uranf^ement, take a cjrlinder of given length and cat 
ont in paper a right asgled triuigle, of which one of the sidee encloaioK the right 
angle ■hall be equal in length to the cylinder. By thi> >ide fasten the triangle 
to the latter, parallel to its long axil, and then wrap it round. The hypotenuee 
will then fonn on the surface of the cylinder a Bpiral, the turni of which are leas 
■teap and more DUmeroaB the greater the length of the hypotenuse (Fig. C6). 
When the triangle is unrolled, the unattached bate will also form a npiral with on 
equal number of tuma. Theee will be all in one plane, while the turns of the 
(phalli o( the hypotenuie will not 




FiQ. Gi. Fio. bh. 

Vxg. S4. — Opposite leaves nf anowberry (SymTAari- 
nrpiu nimionu) ; half nat mm. Fig. 65.— Whorhi 
' of woodruff (J ipd-ufa odoratd) ; nat. size. 
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The two together may ho expressed hj a fraction, the numher of 
turns heing placed as numerator, the numher of leaves as denominator, 
e.g,, 4. This fraction expresses the f arrangement. That is to say, 

in a plant whose leaf arrangement is ex- 
pressed hy the fraction |, two turns of the 
spiral will touch five leaves, and the sixth 
leaf will he the one directly over the first. 
jy The leaves 1 to 5 form what is called a leaf- 
cycle. In Fig. 56, II. we have a diagra- 
matic representation of the 4 leaf arrange- 
ment. At I. hegin the two turns of the 
spiral which pass through leaves 1, 2, 3, 
4, 5; leaf 6 stands directly over 1, and 
forms the commencement of the second 
cycle, II. Fig. 56, I. is a diagram of the 
^ arrangement, that is to say, of a leaf 
arrangement in which the first, fourth, 
seventh, tenth, &c., leaves are directly over 
one another, each removed from the other 
hy a single turn of the spiral (I., II., UL, 
lY., &c.). Each turn passes through three 
leaves — three compose the cycle. 

In young growing shoots where the leaves 
stand far apart, the study of the leaf ar- 
rangement is rendered still more compli- 
cated hy the stems twisting. It is much 
more easy when we come to stems which are 
short in proportion to their thickness, and 
which thus have their leaves arranged in a rosette (c..7., Plantago major). 
In this plant the leaves of later growth are smaller than the older ones. 
In order, therefore, to determine the arrangement we connect hy a curve 
the first leaf with the next of the same size, and continue this process in 
gradually lessening circles, until we reach a point where we come to a 
leaf on the same radius as the one we started with. We then count 
the numher of turns necessary to reach this point, and the numher of 
leaves touched therehy, and then, as hefore, place the former as 
numerator and the latter as denominator of our fraction. Fig. 57, II. 
shows the | arrangement of the rosette of Plantago thus worked out. 
Fig. 57, L the f arrangement of a similar rosette. In the | arrange- 
ment leaves 1, 6, 11, &c. lie over one another: from 1-6, from 
6-11, &c, two spirals are traversed each time. In the ^ arrangement 
1, 9, 17, &c. lie over one another; from 1-9, from 9-17, three spirals 
are always traversed. 

Not only do we have ^, f , f arrangements, hut many others, which 
need not he entered into here. The most usual are such as are formed 
hy the addition of the numeraton and denominators of the fractions 
J and J, or \ and j, thus \ first se^-iea—^, J, J, J, Vir. 2\» iJ» Tr» <^c- i 
second series — I, 



Fio. 56. 



Leaf arrangement 
I. ) arrangement 
II. I arrangement 
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'like ^ arrangement is termed didiehom or tteo-rmiked ; it is charac- 
t«ristic of many lilies, 
the aloe, agapanthus, 
and gladioluB. Tbe 
I arrangement is the 
moat common ; ex- 
amples of it occur 
in the elm, cherry, 
oak, &c The ar- 
rangements of the 
scalee on the cones 
of eoni/eiw (firs, ^"'- "'■ 

pines) is very com> Itosettes of Imv«i. I. } amuigement. II. ( uruigemant 
plicated, and theii spirals very numerous. 




B. — The Flower. 

All thone leaf-like organs which are in any way connected 
with the formation of the fruit are included under the general 
name of flowers. This holds good in botanical as well as 
popular language. As all the parts which go to form the flower 
are arranged in close proximity to one another, and separated 
from surrounding parts of the plant by a special stem (the 
Jhwer-ttalk), the flower, as such, is easily recognised. Although 
in general appearance flowers are very unlike ordinary foliage 
leaves, yet all their parts partake of tbe nature of leaves. 

Looked at from the outside, we see that a flower is composed 
of several leaves, of 
which there may be an 
outer whorl, coloured 
green (k, Fig. 58). 
Within this whorl we 
And a second group, 
usually much larger 
than the first, and 
easily distinguished 
by their brilliant 1^'i 
colour. These are 
frequently so arranged 

. „ p ■„ Flower of Weigdia Japoniea. I. Endre flower : 

as to form a COVermg „. ^le «nie irifh np^fpU of corolU cut .w.y ; 
for the protection Ol' III. stamen (front view); IV. stamen viewed from 

.1 „ -■ 1 >ide ; iCalyT,5CotoIla,»Stamen, a Anther,/Pil»- 

the more essential msnte, jr style, n Stigma I.I1.1U.N«;1II.IV. 

oigans which they nwpiifiod b timas. 
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enclose (b, Fig. 58;. These two kinds of leaves are called the 
Jloral envelopes. The outermost green-coloured envelope is the 
calt/x (k) ; the inner brightly coloured one is the corolla. The 
leaves of the calyx are the sepals, those of the corolla the petals. 

Examples. — White corolla — lily, white dead-nettle, mock orange 
blossom, chick weed, cherry blossom, apple blossom ; rose pink — 
Weigelia, red foxglove, rose ; deep rerf— poppy, pheasant's eye ; yellow 
— laburnum, yellow iris, turnip, buttercup ; blue — ground ivy, blue- 
bell, speedwell, violet ; lUac — syringa. 

If viewed from above, or with calyx and corolla i-emoved 
(Fig. 58, XL), we see inside the flower a number of small, usually 
yellow, bodies (s, Fig. 58). They are attached to long delicate 
stalks, and if pressed burst and set free a quantity of yellow 
dust. They are termed stamens, and are composed of two parts, 
the filament (/) and the anther (a), which is rounded or oblong 
in shape. 

In the middle of the flower is a small round body, green in 
colour, called the ovary. The ovary ends above in the thread- 
like style (g, Fig. 58), the top of which is ex- 
panded so as to form the stigma (n). The 
ovary itself cannot be seen in Fig. 58. In Fig. 
59 we see the ovary of a pink removed from the 
flower — calyx, corolla, and stamens have all 
been cut away. The ovary (/) in this case has 
three stigmas (y), not merely one like Weigelia. 
The ovary by-and-by forms the fruit; it con- 
tains a number of small white grains — the seed. 

Ovarymof'siUtie ^^ *'^8- ^9, s indicates the stem which bears 
injiaia. « Hower- the flower, viz., the fimvei'-sialk. This is fre- 
u^K ^ s^e^'; a^ently, though not always, expanded at the 
DAt. »ue. upper end, where it forms what is called the 

thalamus or receptacle, which supports all the parts of the flower 

— sepals, jietals, stamens, and ovary. 

Although one would scarcely infer from their appearance tliat the 
fctnmens and ovary were leaves, tliey are nevertheless to be classed as 
such. Evidence for this statement is drawn from the fact that in 
certain flowers we And stamens half transformed into petala This 
transformation or metamorphosis can be j)rodiiced in many flowers by 
special culture, — in fact the phenomenon may be observed in most of 
those garden flowers which we call double. If this doubling is perfect, 




I 

i 




Fio. eo, 

Tmufurmatiiin of Btamena into peUli (re*d &«di 
' -o VI) ; twioe nat. eiie. / FilmmeDla, 6 Anther. 
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all the atamena vill have become transformed into petals, 
however, it does not go ,~^ 

so far, and we thus find /^ \ ,--i^^^i^^\ 
stamens in every stage / 'A />' i>y^. "■■ e 

of transition. A good 
example is fonnd in 
mock orange blossom 
(Fig. 60). TheilluBtra- 
tions show every stage 
between the perfect 
stamen (I.) and the per- 
fect petal (VI.) The 
filament is indicated by 
the letter/, the anther 
by 6 ; in VL the fila- 
ment is represented by the midrib. 

The position in which the floral envelopes may stand with 
r^ard to the ovary differs 
much in different flowers. 
If calyz and corolla are 
united to the top of the 
ovary, the ovary being 
thus placed beneaik them 
(Figs. 61, 62), the floral en- 
velopes (A 6) are said to 
be epifftpunia, the ovary (/) 
inferior. If, again, the 
floral envelopes arise from 
under the ovary, the ovary 
being thus enclosed by {. 
them (Fig. 64), the floral " 




t), longfitudinal section ; 
Fig.' 82. — D^beny (Cbrntu 



be hypogyrums, and the ' ^'™'""' » ^"^nu- 
ovary (/) superior. If the calyx and corolla arise round the 
ovary, the floral envelopes {k b) are said to be periffynout, the 
ovary (/) mediate or half inferior (Fig. 63). 

ExAXFLBS.' — Flower epifjynous, ovary inferior — epilobium, dogberry, 
apple blossom, pear blossom, canna, Weigdia, orchis, aristolochia ; 
flower perigynom, ovary mediate — mock orange blossom ; flower 
hypogywnu, ovary superior — tulip, lily of the valley, pink, buttercup, 
water lily, poppy, celandine. 

The sepals of the calyx, the petals, even the stamens, are 
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fiBquentJy not distinct from ooe another, but are wholly or in 
part united. The sepala of the calyx, or the petals of the corolla. 




IL Longitudiiud section; luit. size. Fig. Si (III.). — Flower of lil j of 
the vftllev (ConvaUaria mijt^ii), lon^tudinsl Bcction ; twice lutt. sua ; 
k (Myx, b Corolla i StMDen, / Uvuy. 



&c. may be united inter se, or the different parta may be united 
with each other, e.g., calyx with corolla, corolla with stameos, &c 



1. — Tk« Floral Envelopes. 
Under this title is included all that Bet of organs whose 
function it is to form a protection for the other parts of the 
flower which lie within tliem. The 
larger the floral envelopes the 
better they fulfil this function; 
if small, they are less serviceable. 

Examples. —FloiCKm mlh lanji: floral 
envelope — tulip, hly, blue-bell, fox- 
glove, larkspur, monk'a-hooJ ; floirpm 
with gmall eni:el"}«n — ulm, oak, sting- 
ing nettle, hemp. 

When the floral envelopes are Fio. 65. 

large (well developed), the corolla, /Vmafc/oxwof bl»ck po|ilmr(/Vii- 
and o»<aaion«!ly also tl.e calvx, are Sri'oU'^S'Mjr::;: 
of a brilliant colour ; these are n"" > ' Protective >c*lu*. 
powers in the true seii-se of the word. We must, however, 
remember that the flower may also be grceu like the leaves, 
and scarcely apparent at all. 

Very occasionally the floral envelopes are entirely wantinij, 
in which cose the flower consists only of stamens and ovary {cj., 
black piijilar, Fig, (Jo). 

The floral envelopes may be eithur *iiijlc or double. When 




THE FLOWER. 41 

double the outer is termed the calyx, the inner the corolla, as 
has been already said (p. 38). 

If the floral envelopes are double, it is easy to distinguish one 
irooi the other when they are of different colours. Sometimes, 
however, the calyx is of the same colour as the corolla, in which 
case the flower is said to have a pertatUh. Tbey are then usually 
to be distinguished either by their position or by their shape. 
An example of a flower in which calyx and corolla look alike is 
the tulip, which is shown (somewhat reduced) in Fig. 66. The 




Fio. 66. 

Perianth of tulip [Ttdipa Gtmt- 

riana). I,, II., IIL, Calyx, or 

eitemAl envelope ; 1, S, 3, Oon>ll>, 

or intenuJ envelope ; | nkt. Bize. 



Fio. 67. 

Cap-iluped flower c 

beU hjumth [Matcat 

enlarged. I., II., III. 
Sepali o( calyx ; " " ' 

Fetkls of corolla. 



2,3, 



leaves opened downwards are the sepals (I., II., III.), those closed 
are the corolla (1, 2, 3). All six leaves have the same colour 
and almost the same size, hut the sepals differ from the petals in 
being broader, and in having a stronger midrib, as may be seen 
in the figure. 

Examples. — Flowers ait/i perianth are tulip, fritillary, snake'e-liead, 
lily, star of Bethlehotn, tueh. 

In niauy flowers with double floral envelopiw, calyx and tortilla have 
grown together. If the union is of a very intimate nature, calyx and 
corolla have the Bame colour — brilliant, like that of all typical corollas. 
An example of thia is Muncari racemosum (Fig, 67). The throo sepals 
(I., II., III.) and the three petals (1, 2, 3) are completely united. 
They form a hollow cup, which ia closed except at the edge. There 
the sepals and petals cease to be united, and form the six-toothed rim 
of the flower ; both are dark blue in colour, Lily of the volley and 
hyacinth have also flowci'ii of this kind. 
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When there is but oik floral envelope, either calyx or corolla 
is absent. Such flowers are also said to liave a periaiUh. Single 
perianths are rare : one is seen in Fig. 68. The perianth (p) 
has three leaves, $ t 
are the stamens. The 
perianth is snmll, un- 
attractive, and greenish 
in colour. The ane- 
mone (Fig. 69) has a 
large, distinct single 
Fio. 08. Fio. es. perianth ; it is formed 

Sin^ Pe-iamlh. Fig. 68.~Mercur7 (Menuri- by SIX OVate white 
tUit annua), nugnifled el^t ttmca ; p Lutv of rictnla 
perianth ; ( ( SUinens, Fio. 89.— Wood nasmone P**"*"*- 
[Anemone ntmon^i-.n^tti,^ ExiMPLffi. — SingU 

perianth — goose-foot, aristolochia, auemona, spurge, hemp, mercury, 
Btiuging nettle, hazel-wort. 

In flowers with a double perianth it often is not easy to 
distinguish calyx from corolla ; in all other flowera witii two floral 
envelopes they are easily to be rec(^nised by differences in form 
and colour. 

A. The Calyx. — The calyx is the oiUermoat 
envelope of the flower; it consists of a circle 
of l^ves arranged round the flower-stalk in a 
whorl (Fig. 70). Tlie sepals of which the calyx 
is composed are fi'cquently green in colour. 
Their shape is simple, mostly pointed or lanceo- 
late ; a midrib is frequently present. 

If the sepals are separate from each other 
Fw. 70. throughout their whole length, they are said 

n^^ fLbu, ^ ^ A«« (^?' *''S- "^0, which represents a five- 
/daiu). t Stun- cleft calyx). More frequently, however, the 
Mw^, iwjcB tat. ggp^jg ^pg partly or entirely united, i.e., the calyx 
is ijavwsepaions. If they are united only near 
their bases the calyx is said to h&parted {e.g., Fig. 71, II. ; calyx 
live-parted). If the union is so complete as to leave only the 
points free, the calyx is said to be toothed (e.g., Fig. 71, III. ; 
calyx five-toothed). More rarely we fiud the sepals united at 
their bases, while the points are connected by a delicate, trans- 
parent membrane (Fig. 71, IV., niemhrauous calyx). 
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ExAMFLBB. — Sepals free — buttercup (five), waMower (four) ; parted 
— wild rose, mullein (tive-parled) ; toothed — thorn apple, hen-bane, 
bladder campion, niallow, bindweed ; membranous — sea pink. 




IL Mnlleu ( Vtrbatcum Thapiui) ; thrioe n 
Bladder cunpion [Silent in)tata) ; n>t. size. IV. Sea [unk 
{Armeria tiUi/arU) i lix timet tailarged. b Flower-italic, 
a Epicalyi ; k Calji ; A Membnnuus part of mljx. 

When there is outside the calyx a whorl of green, sepal-like 
scales, forming as it were an outer calyx, the structure receives 
the name of epicalyx (Fig. 71, 1, a). 

EzAMFLES. — An epicalyx ia found on the potentilla, mallow, and 
sea-pink. (In the last case it consieta of bracts ; in the second of a 
bract with its stipules, in the first of the united stipules of the sepals.) 

In many plants the calyx falls off as soon as the flower opens ; it is 
caducoui. The flowers of the poppy and of the celandine have a 
two-leaved, bright green calyx, which falls off as the corolla expands, 
so that the fully opened flower has the appearance of a perianth. 
The calyx, therefore, is to be sought for only on the unopened bud. 
llie opposite of this is the jiergi»tent calyx, which does not fall off 
with the petals and stamens, but is to be found even on the ripe fruit 
Apples and pears afford the best examples of the persistent calyx ; 
it appears as a small bunch of withered leaflets at the top of the fruit. 
The strawberry and the rose also have a persistent calyx. In the rose 
the so-called dog-hip, assuming a fleshy texture and enclosing a number 
uf seeds (see Fruil), is often regarded as modified from the calyx. 

According to its shape, the free-leaved or polysepalous calyx is 
rotate ox JUU, the gaviosepalcms is campanulale or bulged (Fig. 71, 
I.), eup-sfiaped, inflated (Fiy. 71, ll\:)Junnel-shaped (Fig. 71, IV.}, 
(i(tK/ar,cjiiWj'ica/,and occasionally quite tVr^rK/ar(monk's-hood). 

Peculiar forms of cnlyx are the labiate calyx, the spurred 
calyx, and the downy calyx. 

(1.) The labiate calyx (Fig. 72) is one in which the sepals are 
uuited, and which is divided into two opposite parts, which 
meet each other somewhat after the fashion of lips. The upper 
part (a) is called the upper lip, the under part {p) the under lip. 
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(2.) The spurred calyx (Fig. 73) haa likewise the sepals united, 
as a rule. In it one or more sepals seem to coalesce, so as to form 
a long hollow tube (n) closed at the lower end. 

(3.) The most ex- 
traordinaiy of all the 
forms of the calyx 
is the dovny calyx, 
oc papptis. (Gt.pap- 
pos, Lat. pappus, the 
name applied, even 
Fio. 72. F:g. 73. Fio. 7*. ' ^V ^'^'^ ancients, to 

Pig. 72.— Iabi»te c»ly. of uge {Salria ogUiiuUU). plaflts havil^ a 
a Upper lip ; 4 Under lip ; three n»t, a'ae. Fig. 73.— downy calvx, «.«., 

nM. liie. Fig. 74.HI-. "■) Pappu* of water-hemp QandellOn, &C.) IbB 
ieupatonuntcannibinum) ; in L twice, in II. four timea downy CalyX doCS DOt 

consist of green 
leaves, but of numerous delicate greyish hairs. Each hair is 
usually fringed on both sides by finer haire, so that they look 
like small feathers. The pappus stands erect, and does not fall 
off with the flower, but i-emains attached to the fruit, to which, 
when fully ripe, it serves as a means of transport (Fig. 74). 
(Many, however, regard the pappus as not corresponding to the 
calyx, but merely to epidermic hairs,) 

ExAHFLEB. — Calyx rotate otjial — buttercup, strawberry, epeedwnll, 
crane's'bill ; cup-akaped — rose ; eampanulale or biil<jr.il —c&ia\>ioa 
lalmlar or eylindrieal — lungwort, gentian, thorn apple, garden pink 
labiate — dead-nettle, prunella, tliyme, sage ; gjniriid — liidinn crosa 
do'cnij (pappua) — dandelion, tliiHtlc, goat's-heard. 

B. The Coi-olla. — The corolla or inner whorl of the double 
floral envelope can be much more easily distinguLshed from the 
ordinary foliage leaves than the calyx. The petals of the corolla 
are delicate in texture, oft«n extremely beautiful and brilliant 
iu colour. Usually the petals of the corolla are entire, roundish, 
elongated, ovjite, or lanceolate in sha]>e (Figs. 61, 02, 63). Occa- 
sionally they are cleft (Fig. 7o). Sometimes the lower part of 
the blade of a petal is suddenly tapered, when the tapered part 
receives tlie niune of claw or un^is ; the petal is then said to 
be clawed or unipiieulaic. The petals may be smooth and flat, 
ur they may be crumpled in various ways. 
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The petals of the corolla are either separate or partly united. 
In the former case they are said to be free, and the corolla 
is polypdalous (or, better, apopeialous). 
Usually there are three, four, or five petals ; 
in the latter case the flower is gamope- 
lalous or sympetalous. If the petals are 
united only at their base, the corolla is said 
to be parted (three, four, or five parted, just 
like the calyx). However the petals are 
more often united in such a manner that only 
their tips remain free. These form what Flower of ragged robin 
is technically termed the limb or Iwder; (f*^'*" «o*-cuculi) with 
according as it 13 made up 01 four, five, or 
more coalesced petals, it is called four, five, &c. lobed or tippul. 

EzAMPLBS. — Pobjpetalmia corolla — buttercup, violet, strawberry, 
cherry ; (/amoprfaioiM— primiose, lungwort, ayringa, bilberry ; parted 
— speedwell, nightshade. 

Corollas are either regular or irregular. They are said to be 
regular when the petals are all of one shape and size, or when 
in gamopetalous flowers the lobes are all one shape and size. 
ItTfffular corollas are such as have some or all their petals of 
different shapes and sizes, or in gamopetalous flowers, such an 
have the lobes of different shapes and sizes. 
Flowers with a regular corolla have usually 
a regular calyx likewise ; in flowers witli 
an irregular corolla, the calyx is usually also 
irregular (e.g., labiate flowers, &c.). 

The /ottos of Ike regular corolla are 
very diverse. The principal are the 
following : — 

1. Solaie (Fig. 76).— All the petals free, 

or only united at the base ; flat shape, spivnd 

out all in one plane. „ '"'■ '"' , 

.. -r-,- , . ,T.. ^»> m .1 ■. 1 Rotate flower of borate 

2. Urceolate (Fig. 77). — Tlie petals united (Morago ofir^notU) ; nit 
up to the tips, thus forming a hollow vase or ''^ (H«n emitted to 

rm 1 / 1 . 1 - 1 preserve dutinctness.) 

urn. 1 he throat (the opening at the siiinmitj 

is narrow, and is formed by the extreme tips of the petals. 

3. Campanulate (Fig. 78, Fig. 45).— The petals united up to 
the tips ; they bulge out towards the summit, and narrow as 
they approach the stalk. The throat is surrounded by the free 
tips of the petals. 
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4. Infand^bvliform or funnel-shaped (Fig. 79). — Similar to the 
foregoing, the united petals arranged in the form of an inverted 




Fio, 77. Pio. 78. Fio. 79. Pio. 80. Fio. 81. 

FonmofConOa. Fig.77.— UroeoUteflowerofsheaUiffri™ rrtm/ii). Fig. 78.— 
Cunpuiiil»tefloweri>fbIuc-b«U(Ciiin;)anu^ rotundifMa). Y\g. 79.~Fumul-ikaptd 
flower of oonvulTulua ( Cbntm^ru/iu orrmm. ) Fig. 80. — 5aIt>FT-iAapnf Bowerof phinx 
(Phlox paaiadala.] Fig. 6^.— Tvindar bel^toiBer of caatlTej {Symp/iylumojianaU); 
all hbL rise, exoept Fig, 77, which lb magnified three timeB. 

cone, i.e., having straight outline gradually narrowing towards the 
Btalk. The throat is either like that of a campanulate flower, 
or the petals are united throughout, forming an entire rim. 

5. Salver-shaped (Fig. 80). — Petals united so as to form a 
hollow tube, with expanded surface, the upper parts of the 
petals alone being fi«e. 

6. Tubular campanulate. — The united part of the petals form 
an inflated tube, so that the Sower may be said to have features 
chaivcteristic of both the salver-shaped and the campanulate varie- 
tiea, e.g., in Fig. 81 the flower is campanulate at a, tubular at b. 

All the above forms of corolla are likewise to be found among 
polypetalous flowers. 

Examples. — Jtotate— hutteicxip, borage, forget-me-not, speedwell ; 
eampamilate — blue-bell-; funnel-ehaped — convolvulue, bindweed; 
luttular — phlox, wild bugloss ; tubular eampamilaie — cotufrey ; uree- 
olaie — bilberry, heath. 

The forms of the irregular corolla are just as varied as those of 
the regular. Many flowers are only slightly irregular ; their 
petals may differ somewhat in size and shape, but this diSerence 
is not so marked that we can call the flower 
quite irregular (Fig. 84). Tubular campanu- 
\i late and other corollas are occasionally ir- 
regular, because the free edges of the petals 
forming the throat of the flower are not 
<jSS'*.E^.t "">"'" ""'C'S. 86). 

■UB. « pur. ExAiiPi.ES. — SU'jhthj irre/jular — carrot, par- 

snip, hemlock, speedwell ; irrefiularlif tubular — foxglove. 
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The ptinciptil forms of the perfectly irregular corolla are the 
foUowiug : — 

(1.) Spurred (Fig. 82). — The corolla may vary much in shape. 
One (s. Fig. 82) or more of its petals are prolonged so as to form 
a closed tube, which may be either long or short. This tube is 
the spur. The petals may be either free or united. 

(2.) ZAgulate or strap-shaped (Fig. 83). — In the figure we see 
the corolla to be composed of five united petals. At the base 




PlQ. 8*. 



Fio. 8S. 



Flo. 88. 

ir^ulaf«conilkofthech&moiiule Pig. 8i. — Aotal« (vroUo of speedwell 

(jMAmil arverunl); twice nat. {Veronka Chamadryi). Fig. 85. — 

■iie. r Tubnlar portioD, z Ligu- Ttibviar fiortt of the cornBowei' 

late portion, g Stjle and Stignu. (Ctntaurea cyanui) ; twice nst Rize. 

they form a short tube (r), and are prolonged upwards into a 
narrow linear leaf or strap (s). At the summit of the latter are 
five points corresponding to the five petals, out of which this 
peculiar corolla is formed. 




V\a. 86. Fio. 87. 

Tig. 86. — Labiate corolla of hemp-nettle {QahoptU vrrtimlor) ; thrice 
oat uze. Fig. 87. — Penonate corolla of snapdragon [Antirrhinvtajnajut); 
nat aiie. t Calyx, r Tubular portion of corolla, i Throat, « I>ower lip, n 
Lobet of the uime, o Upper lip. 

(3 ) Lahiate (Fig. 86, 1. II.). — Flowers with a labiate corolla 
are, like those above mentioned, gamopetalous. Below, the 
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petals form a tube (tubular portion, r); at the throat (s) the 
free edge of the tube divides into two halves (o n). These are 
placed opposite each other, one above, one below. The upper 
half, which is frequently much bulged, is called the upper lip 
(o) ; the lower, which is elongated, and very often cleft, is 
named the lower lip (n). A flower of which the throat (m, Fig. 
87) is closed by a projection of the lower lip, called the palate, 
is said to be personate or masked. 

(4.) Papilionaceous. — Flowers with a papilionaceous corolla 
(Fig. 88) have five free irregularly shaped petals. The upper 

-^"^ J J and largest petal is called 

the vexillum or standard 
(a, I. II.), the two at the 
sides are the aloe or wings 
(6, I. III.), and the two 
lower (united) together 
form the carina or keel 
(c, I. IV. v.). The last 
named surrounds the 
stamens and the pistil 
(V.). The calyx (d) 
of papilionaceous flowers 
is usually labiate. 




Fio. 88. 



Papilionaceous flower of laburnum (Cytimt 
laburnum). I. Entire flower; II. Vexillum; III. 
Aim ; IV. Carina — nat size ; V. twice nat size. 
a Vexillum, b Alie, c Carina, d Calyx, e Flower- 
stalk, / Filament, g Anther, A PistiL 



Examples. — Spurred — 
fumitory, corydaHs, violet, 
toadflax ; UgtUate — daisy, 
aster, dandelion, sunflower, goatVbeard, chicory; labiate — clover, 
n stachys, sage, nettle, ground ivy ; personate — 

snapdragon, toadflax ; jxipilionaceous — labumuni, 
bean, pea, robinia, clover, lupin. 

Corona. — By the term corona is meant 
certain outgrowths from the petals, having 
the same characteristics as these, and even 
the same shape. It forms as it were a corolla 
within the corolla (Fig. 89, n). In some plants 
the parts of the corona are free, and form a 
ring of small, frequently hairy, scales around 
p^ the throat of the corolla. Sometimes they 
campion {Ljfchni$ are United, funnel-shaped, and pretty often of 

diurna) ; nat sise ; * i 1 1 * 

fi Corona. considenible size. 




Fio. 89. 
Flower of 
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Examples. — In the narcissus the corona is large and united; in 
the red campion (Fig. 89) the parts are separate. 

2. — The Stamens. 

The stamens {s, Fig. 58, 61-64) lie within the floral envelopes, 
next to the corolla. Although to all appearance very unlike 
leaves, they are yet, as already seen (Fig. 60), indisputably to be 
considered as leaf structures. The number of stamens usually 
corresponds to the number of petals, or it may exceed that of 
the petals, but 'seldom falls below it. 

ExAHPLBS. — Flowers with fewer stamens than petals — speedwell 
(Fig. 84), sage, valerian, syringa. Stamens and petals eqttal — dogberry 
(Fig. 62)^ Weigelia (Fig. 58), carrot, violet Stamens more numerous 
than petals — ^mock orange (Fig. 63), buttercup, rose, cherry blossom, 
meadow-sweet, strawberry. 

The stamens are either inserted on j, ^ s. S 
the receptacle or aj*e adnate to the 
calyx or corolla. According to the 
insertion of the stamens, we have 
flowers classified as thalamijloral, 
cali/cijloral, or coTollifloral (Fig. 90 ; 
Figs. 91-93). 

1. Thalamifloral (Fig. 90, 1., Fig. 

t\i\ "PI ^ ^ «^:j x^ u ^1.1 Classification of flowers accordinff 

91).— Flowers are said to be thala- ^ j^^ertion of stamens. I. Tbi- 

mifloral when the sepals Ck\ petals lamifloral ; II. Calycifloral ; III. 
,, V , / \ J / \ • Corollifloral. c Flower-stalk, a 

(6), stamens (a), and ovary [g) arise Receptacle, h Calyx, h Petals, • 

from the top of the expanded leaf- Stamens, g Pistil. 
stalk — the thalamus or receptacle (c, comp. Fig. 59, r). 

2. Calycifloral (Fig. 90, XL, Fig. 92). — Flowers are said to be 
calycifloral when only the calyx and the ovary are inserted on 
the receptacle. In this case the calyx is frequently cup-shaped, 
and has the petals and stamens emerging from its throat. 

3. Corollifloral (Fig. 90, III, Fig. 93).— Flowers are said to 
be corollifloral when the calyx, petals, and ovary are inserted 
on the receptacle, the stamens being attached (usually adnate) 
to the corolla. 

Note. — The word thalamifliyral is derived from Lat. thalamus 

(Gr. thalamos)^ a receptacle, and fl>os^ a flower. Calycifloral comes 

from Lat. calyx or calix (Gr. kalyx\ a cup, and flos. Corollifloral 

is derived from Lat. corolla^ dim. of corona, a crown or wreath, and 

flos. 
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If we lemove the petals from a corolliAonI flower, we find that the 
Btamens, being adherent, come away along with them. If in a caljrci- 
floral flower we remove part of the calyx, we find both stamens and 
petals adhering to it In a thalamifloral flower we cun remove all the 
sepals and petals, after which we shall have the stamens and the ovary 
still adhering to the receptacle. 




Fio. 91. Fro. 8Z Via. 68. 

Fig. 91. — Thakiiuflonlflcnrera(r«lMidine(CUtrfDiitii«M4riu); 

nat aiie. Fig. BZ— Calyciflond flower of cherry {pTiaai$ Ctra- 

tiu) ; twice nab nie. Fig- 9S.— CoroUifloral flower of pnmeUa 

(Pnmdla m^n'*); in •ection, nat. ute. 

ExAHPLES. — ThalamiftffraU — anemone, buttercup, marsh marigold, 
poppy, celandine, lady's smock, cnmpion, lime; caiyrijtoTaU — laburnum 
(Fig. 88), cherry, strawberry, bramble, rose, bilberry ; coroUi0orah — 
foi^'nt-me-not, lungwort, potato, dead-nettle, speedwell. 




Fio. 94. 
Stuneiu.— I.-11L GUdiolut 
laiadiolut infrruBdu) ; IV. 
Soap - dngOD {Attiirrkinum 
majm). I. II. umt. liu ; IIL 
three timneDUrged: IV. Gtc 
timee calartted. / Filament, 
h Anther, e Slit, mtong which 
anthen open. 



Pie. 66. 



Stament.— L Tulip {Tuiipa Ortmrriana) ; 
twice DkL liie. II. Cmnkry gnn (/'Aolani 
aru«4inaaa) ; torn time- nat uia. IIL 
Deatna {Drvtiia globrti) ; torn timet en. 
luged. IV. Bn>om-rap*[Oaiaiw:iUrwtra) 1 
three timee ut liie. V. Unth {£riai 
Tilrallx} ; three timce oaL uia, VX Pm- 
nella {PmntUa ndgaris] ; fiie tiiDei Hat. 
■iae. /Filament, A Anther. tSlit,a Appen- 
dage, a Hain. 
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A stamen consists of two parts, the filament and the anther, 
the latter being borne on the point of the former. 

A. The Filament.— 'Di^ filament (/, Fig. 58, 60, 94, 95) takes 
its name from its thread-like appearance. It is usually cylin- 
drical in shape, and tapers towards the summit (/, Fig. 58, III. 
rV. ; Fig. 94, 1, to III. ; Fig. 95, V. VI.). It is whitish or yellowish 
in colour, occasionally of some darker tint {e.g., dark blue in the 
tulip, F^. 95, I.). Sometimes the filament is flattened laterally 
(Fig. 95,111., a); it may also bear appendages of different shapes 
and sizes in the neighbourhood of the anther (a. Fig. 95, V. VI.). 

When- all the filaments in a flower are separate from each 
other they are said to be free ; when they coalesce by their 
bases, or throughout their whole length, they are said to be 
unjied. 

Stamens may be united in seTeral ways. 

(1.) All the filaments in a flower may be adherent to one another. 
In this case the filaments are united so as to forni a cylinder or 
tube, which bears at ila upper end numerous anthers on the free points 
of its filaments. The filaments are then said to form a bundle 
{Fig. 96, I.), and the stamens are called monadelpkotie. 

(2.) All the filaments of the flower may be united, but in such a 
way that they do not fonn a single bundle, but two, three, or five. 
Two, tliree, four, or many stamens may coalesce so aa to form a 
bundle (Fig. 96, II., III.). They are then said to be polyadelpkotia. 




Via. 98. 

It Ono of the fr 

of the bundles from Cori/dalU bullion ; I V. Two bundlea (0 -h 1 ) 
from ColtiUa arbortictm ; V. Bundle of filometiU united by the 
■othen from hawk-weed {Hitraeiun umbeUatn-m). b AnUiera, 
/ FiUmentB, e Filunenta united. 

(3.) One filament {d) may be free ; all the rest united to form one 
bundle. The number of filaments thus united is nina This form of 
coalescence of the stamens is characteristic of most of the Fapilionacate 
(Fig. 96, rV.), and is described as diadelphovs. 
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Examples. — (1.) a. Five filament8 in one bundle — ^bryony, cucum- 
ber, pumpkin, flax ; b, ten filaments in a bundle — geraniums, crane's- 
bill ; c. many filaments in a bundle — mallow, hollyhock. 

(2.) a. Six filaments in two bundles — fumitory ; b, eight filaments 
in two bundles — milkwort (Polygala) ; c. Many filaments in three or 
five bundles — St. John's worts. 

(3.) Nine stamens united, a tenth free — clover, bean, lentil. 

B. Tlu Anthers. — At the summits of the filaments are the 
anthers. On each filament two, one to the right, the other 
to the left (Fig. 58, 94, 95). They may be elongated and 
narrow (Fig. 58, 94, 1, to III., 95, II.), or rounded (Fig. 94, IV., 
95, III., v.), or angular ; in the pumpkin, cucumber, and such- 
like plants they are variously twisted. 

While the partial or entire coalescence of filaments is com- 
paratively common, the coalescence of anthers is extremely rare. 
It is characteristic of the Compositce, however. In Fig. 96, V., 
we have the five stamens of hawk-weed. The filaments (/) 
are perfectly free ; the anthers (i) are united throughout their 
whole length. 

When the flower opens the anthers are usually of a bright 
yellow colour, the upper surface perfectly smooth and flat, as 
is easily seen when they are viewed with a lens. After a time, 
however, each anther bursts open along its entire Jength by 
means of a slit (c, Fig. 94, s, Fig. 95). Through this slit is shed a 
large quantity of fine floury dust, the pollen (from the lAtpollm, 
fine flour). The pollen is of a bright or deep yellow colour, and 
is usually somewhat sticky, so that after it is set free from the 
anther, it remains adherent to the external surface for a con- 
siderable time, covering it entirely. — (See b, Fig. 95, III., and b, 
Fig. 95, I.) In many plants, however, the pollen is not sticky, 
in which case, when the plant is shaken, it rises as a dusty cloud 
of yellow grains, to fall again, often in showers, at some distance, 
(e.g., pollen of hazel, elm, and pine). 

Some idea may be formed of the enormous quantity of pollen 
formed in many flowers by observing what happens when we shake 
a hazel-tree when in blossom. From every catkin rises a cloud of dust, 
every particle of which is formed by a single pollen grain. Each grain 
is so small as to be invisible to the naked eye, and even with a lens is 
only distinguishable as a tiny dot. A still greater quantity of pollen 
is obtainable from pines and firs. When in spring the wind blows 
over a pine wood, the pollen is borne along as a thick yellow cloud. 
The ground beneath the pine trees is frequently quite covered by the 
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golden duet, as is also the surface of every pool, marsh, and ditch in 
the neighbourhood. At euch times country folks are wont to say 
it haa been raining sulphur. 

The opening of the anther is effected in most coses by means of a 
longitudinal slit (Fig. 94, Fig. 95, IL). Occasionally the slit is trans- 
verse, or a passage may be made for the pollen by a round opening 
(Fig. 95, v.). The scattering of the nettle pollen is accomplished in 
a very remarkable manner. In the bud the parte of the small green 
perianth of the flower are folded inwards, and beneath them lie the 
four stamens, which from their appearance have been aptly compared 
to springs. When the flower opens and the petals begin to expand a 
little, thus relaxing Hieir hold on the stamens, the latter suddenly 
spring up ; by thie violent movement the anthers are burst open, and 
the pollen is scattered far and wide. 



3.— The Omry or Pistil. 

The ovary lies in the centre of the flower, forming there a 

green knob-like prominence. It does not fall off with the other 

parts of the flower, but remains long after they have died off, 

and develops into the fi'uii. According to the relation which 




Fio. B7. 
Ovariti. — I. Tulip [Tidlpa Oaneriana). 1. Oenerol &ppetmuiee (okt gize). 
IL Crou MctioD (four timea nat. size). IlL Thalictrum aqtiUtgifoliuni (five 
tiniea enlarged). IV. Marsh fit, John's wort {Bfptricum Blodu), geaetti appeu-- 
uice (four ttmea enlarged). V. CaipQl {seven times enlarged), VI. The same in 
oniH asetion (ten times enUrged). Vll. Canna tndica (naL size). VIII. Green 
hellebore {Hetlrbonu n'rulu), longitudinal seotion. IX. Transvene section ; three 
time! enlarged. X. HtpUica trihAa, partly open ; five times enlarged, c Flower- 
stalk ; d Fruit-stalk ; U Point of insertion of leaves ; ( Ditto of stamens ; 
/ Ovary ; g Style,; n Stigma ; t Seed \ i Hairs ; a b shows point of section. 

its poaition bears to tliat of the other organs of the flower, the 
ovary is spolien of as superior or inferior, as has already been 



54 



MORPHOLOGY. 



explained. In the ovary the following parts are to be dis- 
tinguished : the ovary proper ^ the style^ the stigma^ and the sud 
(Fig. 97). 

A. The ovary in the restricted sense (/, Fig. 97) is composed 
of one or more strong, fleshy, leaf-like structures (pistil leaves 
or carpels), which have grown together by their margins. 
Externally the line of coalescence is marked by ridges or sidures 
(Fig. 97, IV., VII.). Ovaries which are composed of only one 
carpel are called monocarpMary or siviple (Fig. 97, VIIL-X.) ; 
ovaries composed of several carpels are called polycarpellary or 
compound (Fig. 97, 1. II.). 

If the ovary is simple (Fig. 97, VIII.) the margins of the leaf 
forming the single carpel are incurved, and coalesce in the long 
direction (along e). There we find the ridge or suture formed 
by the junction of the margins ; thus externally simple ovaries 
have one suture. 

If the ovary is compound (e.g., tricarpellary, as in Fig. 97, IV.), 
the leaves or carpels coalesce with their margins side by side 
(right margin of the first joins with left of second, &c.), and 
form a sac whose walls are made up of as many parts as there 
are carpels. A corresponding number of sutures may be seen 
on the outside. 

The relations of these parts are well brought out in those compound 
ovaries, whose carpels have only partly coalesced. In Fig. 97, IV., 
we have the ovary of the Marsh St. John's wort {Hypericum Elodes), 
lu it we see the three carpels which have coalesced up to about the 
point /; in the upper part, </, they are free and plainly distinguish- 
able one from another. In Fig. 97, V., we have one of the three 
carpels by itself. The ovary of the tulip is also composed of three 
carpels, but in this case they have completely coalesced (Fig. 97, 1. IL). 

The manner in which the union of the carpels is brought 
about is usually the following (by way of example let us take a 
three-celled ovary. Fig. 98) : — 

II — ui^ "^ n^ 

Fig. 98. 

ArrangtmnU of Carpels, — I. One-celled ovary. IT. Incipient three- 
celled ovary (partitionfl incomplete). III. IV. V. Forms of folly deve- 
Utped three'Celled ovary. 
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(a.) First, the cai'pels or leaves of which the pistil is com- 
posed have their contiguous margins united without incurving 
(Fig. 98, L), and form what is called a compound, one-celled, or 
unilocular ovary. 

(b.) Next, the margins are slightly turned in, and the turned- 
in parts coalesce (Fig. 98, II.). The ovary is still one-celled, 
but incomplete partitions extend from its walls towards the 
centre ; there are as many partitions as there are carpels in the 
ovary. Such an ovary is said to be incompletely several-celled. 

(c.) Next, the margins are much turned in, so much, indeed, 
that their edges meet in the middle, where they coalesce (see 
ante, simple one-celled ovary). In addition to this, the carpels 
grow together all along their tumed-in surfaces (Fig. 98, IIL). 
A several-celled ovary is thus formed which has as many cells 
as there are carpels in its structure. 

Several-celled ovaries may also arise in the following manner : — 
(d,) The carpels coalesce, as in 6. Besides partially coalescing with 
one another, they unite with a tbickish axis, which stands up in their 
midst. This axis, which traverses the ovary throughout its entire 
length, is a pillar-like prolongation of the receptacle — not a part of the 
carpels, but a continuation of the flower-stalk. 

(e.) The carpels unite, as in a; throughout the sac thus formed the 
flower-stalk is again prolonged, and from it wing-like partitions run 
to meet the carpels. The ovary is thus divided into two or more cells, 
according to the number of the partitions (Fig. 98, V.). 

The partitions which divide the ovary into cells are termed 
dissepiments. 

Examples. — One-ceUed or simple ovaries — buttercup, Thalictrum 
(Fig. 97, IIL), green hellebore (Fig. 97, VIIL), Hepatica (Fig. 97, a;), 
arrow-head, cherry; compound: (a.) one-celled — tooth-wort (Fig. 99, 
IV., composed of two carpels), violet (Fig. 99, II., composed of three 
carpels^ ; grass of Parnassus (Farnassia palustris, composed of four 
carpels), primrose (Fig. 99, III., composed of Ave carpels), poppy (in- 
complete many-celled, composed of an indefinite number of carpels) ; 
(b,) several-celled — carrot, potato, convolvulus (two-celled) ; tulip (Fig. 
97, II.), canna (Fig. 99, I.), iris, fritillary (three-celled); mock orange 
blossom, holly, heath, bilberry (four-celled) ; apple blossom, crane's-bill 
(five-celled) ; water lily (many-celled). 

Commonly there is only one ovary in a flower, occasionally 
several or many. In this case the ovaries are simple, and stand 
close beside one another. 
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Examples. — Four ovaries — dead-nettle, ground ivy, lungwort; 
mani/ — buttercup, strawberry, arrow-head. 

The shape of the ovart/ may be round, oval, cylindrical, three, 
four, five, or more cornered, flattened, &c. Usually it somewhat 
resembles the shape of the fruit which is by-and-by to be deve- 
loped from it. 

B. The Style and Stigma, — At the upper part of the pistil wc 
find a spot which is easily recognised by its roughness or hairi- 
ness. Further, its surface, if the flower is fully open, is usually 
covered with pollen. The stigma, as this part is called, has also 
a peculiar form, which distinguishes it from other parts of the 
pistil (n, Fig. 58, 97). In some cases the stigma is found directly 
on the summit of the ovary (e,g,, in the poppy, yellow water 
lily, tulip. Fig. 97), but more usually we find between the ovary 
and the stigma a thread-like structure, the style (g, Fig. 58, 61, 
62, 97, III., IV.) The style may be short, moderately long, or 
very long (meadow saffron, crocus), its length frequently corre- 
sponding to that of the flower (Fig. 58). In shape it is usually 
tubular, cylindrical, or angular, rarely leaf-like (e.g,, iris). Its 
surface is frequently beset with numerous hairs, and in many 
cases it is traversed internally by a earuil, so that the whole 
forms a sort of tube. A pistil has either o/u or severed styles. 
The single style may be simple or brancfied. When branched, 
each branch has a stigma. These are usually equal in number 
to the number of carpels (Figs. 59, 97, IV.) ; that is to say, each 
style is simply the prolongation of a single carpel (Fig. 97, IV. 

v.). 

The stigma varies much in shape ; the more important forms 
will be considered hereafter. 

ExAJfPLBs. — Ovaries with single simple styles — fritillary, primrose, 
violet, pennyroyal (in this plant four carpels have a common stigma), 
laburnum (Fig. 88, V.); simple ovary with fonr-hranched styles — 
mock orange blossom ; ovaries with several styles — flowers of the pink 
order, e,g.^ bladder campion (Fig. 59, three styles), catchfly {Lychnis 
viscan'af five styles). 

C. The Ovules. — In the cells of the ovaries are found the 
ovules. These are small, rounded or oval, white bodies, with or 
without a short stalk, but in any case attached to the inner 
surface of the carpels («, Fig. 97, II., V., VIII., X.). When the 
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ovary develops into the fruit the ovules form the seed. In the 
more simple forms of ovary there is often but one ovule, in 
which case the ovary is said to be one seeded (Fig. 97, X., e) :. 
more frequently, however, the ovary contains several or many 
ovules (Fig. 97, VIII., e). In several-celled ovaries each cell 
contains one or more ovules (Fig. 97, II.) All ovaries containing 
more than one ovule are said to be several or many-seeded, as 
the case may be. 

£xAHPLBS. — One-celled ovaries — Hepatica, cherry, plum, buttercup 
(with one ovule) ; violet^ primrose, poppy, hellebore, bean (with several 
ovules). Several-celled ovaries — palms (in each cell a single ovule), 
tulip, iris, foxglove, water lily (in each cell severed ovules). 

Ovules may be attached to the ovary in various ways. The 
following are the most common forms of arrangement, or, as it 
is technically termed, jdacentation. 

a. Central PUtcerUaiion, — ^When the placentation is central the 
ovules are attached to the middle of the ovary. In several-celled 
ovaries this attachment takes place along the line of union of 
two dissepiments (Fig. 99, 1., Fig. 97, III.). In one-celled ovaries 
the ovules are attached to the central column, formed by the 
prolongation upwards of the flower-stalk (Fig. 99, III.). 

6. Parietal Placentation (Fig. 99, II.). — This form of placenta- 
tion is most common in one- celled ovaries. ' The ovules (e) are 
attached to the walls (/) of the ovary, in the manner shown in 
the figure. 






Fio. 99. 

Placentation. — I. Canna indica, nat size ; II. Violet ( Viola odorata), 
twice nat. size ; III. Primrose {Primula officinalit)^ ihree times en- 
larged ; IV. Tooth wort {Lathraa squamaria)^ twice nat, size ; 
/ Wall of ovary, w Dissepiment, p Placenta:, e Ovules. 

c. Ovules may be attached not directly to the central column 
or to the walls of the ovary, but to structures called placentae, 
specially developed for their support. These may be either 
central or parietal. This is placentation in the true sense of the 
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wotd. Id fact the term is only extended to other forms of 
attachment by courtesy, as it were, seeing that tliey have no 
distinct placentae for the support of the ovules. In Fig. 99, 
IV., we have a one-celled ovary with two carpels ; in the middle 
of each carpel is a thick fleshy prominence (p), the placenbt 
with a Lirge number of small ovules (e) attached. 

ExAHFLES. — Seoeral-celUd ovariai with central ovttles — tulip, fritil- 
hxy, crane's-bill, fuchsia; one-celletl ovariea with ovttiei attached to 
central column — primrose, catchfly, pink ; one-celled ovarica teith 
parielai ovules — violet, gmaa of Parnasaus, gooseberry, orchis ; ovaries 
with placentcB — mock orange blossom, campion, pumpkin. 

Beaides the forms of placentation already described, we may have 
the ovules attached all over the surface of the dissepiments (poppy, 
water lily). 

4. — Bisanial and Vniaexiial Flowers. 

All flowers in which, both stamenji and pistil are present are mid 
to he bisexual or hervutphrodite. Just as in mathematics words 
are frequently expressed by signs {e.g., l. for " angle "), so in 
botany the sign ? is used to denote a hermaphrodite flowei. 
This sign is used alone or as a prefix to the word flower, thus, — 
9 or (? -flower = heniiaphrodite flower. 

All flowers are not bisexual. Some plants have l\oo kind* 
o/Jlowere; in the one we fiud only stamens, while the piatU is 
awanting; in the other 
we find only pistils, while 
the stamens are awanting. 
Flowers containing only 
stamens are male (sign 
(J ) ; flowers containing 
only pistils are female 
(sign 9). Flowers which 
are either male or female 
are said to be unisexual. 
In Fig. 100, 1., we have a male flower of arrow-head. Within 
the floral envelopes (nepals shaded dark, petals light) are seen 
numerous stamens, but no pistil. In the female flower (II.) 
there are no stamens, but numerous pistils. 

Male and female flowers often grow together on the same 
plant, and even on the same branch; e.y., in burr-reed (Fig. 101). 
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The male flowers (d) grow in compact heads at the upper end 
of the branch, while the female (?) are found in similar 1 
at the lower end. Plants in which stamens 
and pistils occupy different flowers on the 
same individual are called moncecious. On 
other plants stamens and pistils occupy 
different flowers on different individuals. 
The plants are then said to be dicedoua, 
and the individuals either male or female. 
Finally, some flowers have neither 
Btamens nor pistib, but only calyx and 
corolla {Fig. 83). Such flowers are said to 
be neuter. All plants which bear neuier 
flowers have at the same time other 
flowers with stamens and pistils. 

ExAMPLKS. — Hermaphtodite-tulip, fritillary, 
anemone, fox-glove, primrose ; male and/emalc 
flowers — Titotuecious — liurr-reed, birch, stinging- 
nettle, hazel, arrow-head, pumjikiii, cucumber ; 
diaeiotu — mistletoe, hops, poplar, dog's mer- 
cury ; neuier — large outer flowers on com- 
posite head of the cornflower, and the outer 
and larger fiowera of the guelder rose (the 
highly cultivated species of the guelder rose 
has only neuter flowers). 



^ArUliotaxis or Infioresctnce. 
It rarely happens that a plant bears 




Fio. 101. 
BiuT-reed [Sfanjaniun 
1 - I CI 1 taaiiUz), i male, 9 fe- 

only single or very few flowers. An ex- nujTaowtm ; n«t. »jib. 
ample of such a plant is the tulip. 
Usually a plant bears blossoms in considerable or large numbers. 
In many plants they arise in the axils of leaves, either singly or 
in groups. In the first case the inflorescence is axillary, in the ' 
latter wfwrltd (Fig. 102). 

In most plants the blossoms are borne on a special shoot, 
frequently much branched, which is at once distinguishable from 
the leaf-bearing stems of the plant by the numerous flowers 
arising from it. Such a flower-shoot is termed an infioracence. 
An individual plant may have one, several, or many in- 
florescences. 
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Inflorescences are characterised by differences in the size, 
number, and shape of the flowers composing them, and by the 
order in which the individual blossoms 
open. The kind of inflorescence is 
also determined by tlieir general arrange- 
ment and relative positions, which are 
dependent on the mode 6( branching. 
In many even the form of the calyx 
and corolla are of importance. 

The mode of braTichivg—oue of the 
most essential considerations iu the study 
of inflorescence— is often somewhat diffi- 
cult to make out. To understand it 
properly we must first get a clear idea 
of the difference between the primary 
and stamdary axes (Fig. 103). 
V >- The ^viary axis is that branch of 

. '<jfwk the inflorescence from which alt the 

V |l other branches spring. It is, therefore, 

yS to the inflorescence what tlie stem is 

Fio. 102. to the plant, forms like the latter the 

WkaAtdn^fioractnctulvihitit central suDport, and is usuallv stronger 

danJ-netUe (Laniun album), ., e ■■. i- .- , . n 

t DaL ail*. than any of its ramifications (A, B. 

Fig. 103). 

The secondary axes are the branches (w) given ofiF by the 
p}-imary axis, which they seldom equal in thickness. Each 
secondary axis bears one or several flowers. All inflorescences 
whose secondary axes bear each a solitary flower are said to be 
simple; all those whose secondary ax&s bear each several or 
many flowers, are said to be comjmund. 

The order in which the fimvas open in an inflorescence b 
another important feature. We may have the centred flowxrs 
opening first, the outermost one last, iu which case the central 
flowers are the oldi'st, the outermost, the youngest. In Fig. 104 
we have an inflorescence of this type; the circles of diflerent 
sizes represent flowers in different stages of evolution. 1 is 
the oldest, 8 the youngest. This mode of evolution is termed 
eentrifugal, because its progress is from the centre {A, B) 
outwards. 

The second mode of evolution (Fig. 1 05) is exactly the opj)08itc 
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of the one above described. The outermost flowers are the 
oldest, and open first (1, 2), the central flowers the youngest. 



A 

Pio, 103. 

Ii^jlomeenee. 




and open last (7, 8). This mode of evolution is termed cerUripetal 
because its progress is from the mai^n inwards towards the 
centre (A, B). If such inflorescences are long and narrow, the 
flowers at the foot open first, those at tite top last (Fig. 103). 

Let a perpendicular line ( | ) represent the primary axis (centre) 
of the inflorescence ; an arrow (— ^) the direction in which the 
evolution of the flowers proceeds, the ctninfitgal mode will be 
represented thus ^ i ^ , the centripetal thus ^X ■ 

When the primary axis of the inflorescence is very long, 
i.e., longer and stronger than its branches, it is termed a raceme 
(Fig. 103). In other cases it is of the same length as the secondary 
axes (Fig. 104), or it may be much shorter (Fig. 105). 

Let a point (.) represent a shortened primary axis, then the 
8ign(— >---^) Will represent a centripetal inflorescence witli 

shortened axis, the sign(-^ ^) a centrifugal inflorescence with 

a shortened axis, while ^K represents a centipetal inflores- 
cence with an elongated axis. 

According to these points of distinction inflorescences are 
classed as racemose, umbellate, or cymose. 

I, Racemose Infioreseence. — The primary axis is elongated, 
and is longer and stronger than its branches. T)ie evolution of 
the flowers is centripetal ; the lowest flowers open flret, those at 
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the summit last — ^sign >|< . The racemose type includes 




Fio. 106. 
FwiM of £i^€Tt9ctne€, — L Spike ; IL Compound raceme ; III. Panide. 

the spike, the catkin, the cone, the spadix (Fig. 103), the raceme, 
and the panicle. 

IL Umbellate Inflorescence, — The primary axis is shortened, 
and ends suddenly ; all the flower-stalks spring from one point ; 
the evolution of the flower is centripetal ; the marginal florets 
open first, the central last — sign — ^--^ Tlie umbellate type 
includes the capitulum or head, the anthodium, the simple and 
compound umbel (Fig. 107). 







Fio. 107. 

Fomu of Ii^lcTueence. — I. Anthodium : II. Capitulum ; 

III. Compound umb«L 

III. Cymose Inflorescence. — Both primaiy and secondary axes 
are elongated, the latter being as strongly, or even more strongly, 
developed than the former. The evolution of the flowers is 
centrifugal ; the central or highest flowers open first, the mar- 
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ginal or lowest last — sign ^ [ ^ . In many only the right or 
left side of the inflorescence is developed — sign |— ^ or -^— | The 
cymose type includes corymb and loose corymb,* the dichoiomous 
or hiparoiLS cyme, the compound dichotomous cyme, the scor- 
pioid cyme, and the helicoid cyme. 




Fio. 108. 

Fomu of Ir^hreaeenee. — I. Dichotomous cyme ; II. Scorpioid cyme ; 

III. Helicoid cyme. 

Tabular Viev) of the various Forms of Inflorescence, 

I. Racemose Type — (^ \ ^ ) 

A. Lateral axes mibrancbed, each bearing only one flower 

(spike-like form). 

a. Flowers sessile on the primary axis ; branches 
wanting or Tery short. 

* Primary axis thin and dry. 

1. Flowers loose ; not scale-like. . Spike. 

2. Flowers closely set, forming a 

cylindrical-shaped head ; florets 
scale-like, .... Catkik. 

8. Flowers closely set, forming a thick- 
ish cylinder ; each floret with 
scaly bracts, .... Cons. 

** Primary axis thick and fleshy ; flowers 

closely set, Spadix. 

6. Flowers on pedicels, Rackmb. 

B. Secondary axes branched, each with sereral or many 

flowers (panided inflorescence). 

a. Branching of the secondary axes regular, each I Compound 
bearing a single cluster, . . . . | Raciock. 
6. Branching of the secondary axes ; irregular, . Panicle. 

1 English and French botanists do not usually regard the corymb as cymose, 
but r«fer it to the raoemoee type. (TV.) 
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IL Umbellate Inflorescence — (— ^•-^) 

A. Secondaiy axes not branched, each bearing a single 

flower. 

a. Secondary axes shortened ; flowers sessile, or 

with very short stalks. 

* Bracts absent or small, Ahtbodium. 

** Bracts, large, nnmerous, oYerlapping each 

other, forming a common involacre, Cafitulum. 

b. Secondaiy axes not ehortened ; flowers stalked, Simple Umbel. 

B. Secondary axes branched, each bearing one or more ^ Comfound 

simple umbels, ( Umbkl. 

III. Inflorescences — ( ^ | ^ or -^— | ) 

A. Inflorescence, branched right and left from the primary 
axis (in most cas e s shortened) — < | > 

a. Secondary axes not branched (each bearing a 

single flower). 

* Flower-stalks (secondary axes) arising 

from the primary axis at different 
heights, of unequal length, so that all 
the flowers lie in one plane, Cortmb. ' 

** The same flower- stalks (secondary axes) 
very unequally developed, so that the 
shape of the inflorescence is not the 
same in all cases Loose Corymb.^ 

b. Secondary axes branched (each with several 

flowers). 

* Primary axis terminated by a flower, be- ■ 

neath which two opposite secondary 
axes arise, each likewise ending in a 
flower. Primary axis terminated by a 



flower, beneath which two opposite 



D1CHI8TUM 
•or "DicHOTo- 
M0C8 Cyme." 



•• 



secondary axes arise, each likewise end- 
ing in a flower, beneath which two op- 
posite tertiary axes arise on each fork, 
each again with terminal flower, &c. 

Secondary axes giving off three, four, ( Comfoukd 
or more branches, often irregularly, < Dichotomooa 
otherwise like the dichotomous cyme, ' Cyme. 

B. Secondary axes developed only on one side of the 
primary axis (either left or right), giving the in- 
florescence a one-sided appearance. All the secondaiy 
axes unite, forming an apparently continuous primary 
axis (false axis) -<-^ 

a. Folse axis, spirally twisted, . . . . j p 



6. Fnlae axis, forming a zig-zag line, . 

^ See niite (in preceding page. 



Ueltcoid 
Cyme. 
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DeBcriptwn of the various Forms of Infloreacerux. 

(1.) The Spike (Fig. 112).— The primary axis is long and 

slender, often undulating. On ita surface are little depressions, 

from which arise the sessile flowers. The lowermost flowers 

open first, those at the apex (terminal flowers) last. 

ExAUpLEB. — The spike occurs cliiefly among tlie grasses { rye, barley, 
ea^g-taii, foxtail), but among these the iufiorescenco is not simple, but 
compound, — i.e., where we should expect only a single flower we get 
a small spike or spikelet. In other plants {oak, mercuri/) the florets 
of the spike form dusters (Fig. 114, I.). 

(2.) The Spadix (Fig. 46) is a spike with a thick, fleshy axis, 
the florets set very close together. Between the spike and the 
spadix we have a type in which the flowers are not arranged so 
closely as in the spadix, nor so widely apart as in the spike. 




Fm. 109. Flo. 110. Fio. 111. Fro. 112. Fici. 113. 



Fomu of hjUireieenet. — Fig. 109, — Rscenie of b«ll hjadnth ( J/uiairt n 
nat. Atn. iig. 110. — Sp»dii of pond-weed {Potamngttoa luctm) ; nat. Rue. 
Fig. m.^Cone (with ? flowers) of the pine [Pima tylvatrit) ; three times en- 
Urged. Fig. 112.— Sjnkeof ftftTan(L(<ftunip<renne): nat. aize. Fig. 113.— Cat- 
kin (with <5 flower*) of Hie birch {Bctula alia) ; nat. size. 

ExAHPLBB. — Arum, lily of the Nile (Richurdia africana), pond- 
weed {Potamogelon). 

(3.) TJu Catkin (Fig. 113) is a spike with slender axis and 
small, green, close-set flowers. The flowers are concealed by large 
scaly bracts, which lie so flat and close together as to give the 
catkin a cylindrical shape. The catkin separates as a whole 
from the plant when withered, the S after the flowers are past. 
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the ? after the fruit is ripe. The spike again does not separate 
as a. whole, but the individual florets drop off, leaving the axis 
behind. 

ExASfPLBS. — Catkins are found en many trees (catkin-bearers) — 
hazel, walnut, poplar, willow, alder, aspen, beech, birch. 

(4.) 7%e Cone (Fig. 11 1) is a catkin, whose scaly bracts become 
woody when the fruit is ripe. It is rounded and elongated in 
shape. When ripe the individual (lowers or fruits do not drop 
off, but the inflorescence falls as n. whole, as in the case of the 
catkin. 

ExAUPLXs. — The cone is the characteristic inflorescence of the pines 
(fir, larch, pine), whence they are termed coniferce or cone-bearera. 

(5.) The Haceme (Fig. 109) is a spike with stalked flowers. The 
lowermost fiowers open first, 
the uppermost last. The 
raceme may be either erect 
or drooping. 

Examples. — Inflorescence 
racemose — hyacinth, lily of the 
valley, barberry, foxglove, hare- 
bell, heath. 

(6.) The Panirh (Fig. 114, 
II.) is a raceme with irregu- 
larly branching secondar)' 
axes. The lowest (sometimes 
also branched) are the longest, 
further up they are shorter. 
The shape of the panicle is 
irregular. 

ExAHPLKS. — Many grasses 
have their flowers in panicles — 
sedge, oats, quaking-grass, brome- 

(7.) Tlu CapUulum or Head 
(Fig. 114,111.).— The primai>- 

Spikp of iner- axis terminates suddenly, and 
11. Pkiucle of , ... .. " . 

i; III. Ckpitu- bears at its summit a large 
i( cluv<!r(7V./ji«iiip™(fi.«) ; number of close-set sessile or 
very short - stalked flowers, 
forming a ball-shaped head. 
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EzAHPLKH. — Capitvta—dlovBT, mountain jasione, scabioue, deril'B 
bit Bcabioiu, 

(8.) TheAnthodium(¥ig. 115) resembles the capitulum. The 
primary axis ends suddenly, and widens out into a convex disc, 
the receptacle on which the sessile florets are inserted. In 
many cases the florets are of two kinds, ligulate at the circum- 
ference (ray-florets, z. Fig. 107, II., Fig. 85), tubular centrally 
{disc florets, r, Fig. 107, II.). 
At the base of the antho- 
dium are a number of bracts, 
which overlap each other, 
forming an involuere (A), 

ExAUPLES. — The antbodinm is 
the chan>ct«ristic inflorescence of 
the Gompositffi. Examples of 
fiowers having au antfaodium en- 
tirely composed of ligulate florets 
are — dandelion, goat's - beard, 
chicory, lettuce ; flowers with an- 
thodium comp(»ed of tubular as 
well as ligulate florets are — sun- 
flower, daisy, camomile, corn- 
marigold. 

(9.) The Simple Umbd (Fig. 
116) is like the capitulum, 
only its florets are borne on 
long stalks. All the florets 
stand at the same level, at least 
by the time all are full blown. 
At the spot where the secon- 
dary axes arise from the stem is a rosette of bracts forming 
an involucre. 

ExAUPLss. — Simple umbel — Primrose, sanicle, pennywort (ByiiTO- 
eotple). 

(10.) The Compound UmM (Fig. 117) differs from the simple 
umbel in this, that instead of bearing a single terminal flower, 
each secondary axis hears a secondary umbel, which, like the 
simple umbel, is surrounded at its base by an involucre. 

EXAHPLBf^ — The compound unihel is the characteiiBtic inflorescence 
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of the Umbtlliferae — water hemlock, foot's pareley, carrot, cfaervi], 

ctlery, caraway. 





Fm. 117. 
Compmuid umbel of the wata- 
hemlock [OUula virtua) ; biJf ti*t. 



(1].) The Corymb (Fig. 104) ia an inflorescence having the 
primary axis suddeul) shortened The secondary axes each 
bear one flower , anse as m the raceme at different levels ; but 
end, ns in the umbel at the same level. There iB a single 




PlO. 120. 
CoiTmb of the nub CorTinb (of ftotbodu) □( rail- Dichuiun of chickweed 

(Jtifirw (fitui); Ivil (ArkilUa milir/Uivm); IStMxria mtdia); DAt titr. 

OMt liie. a Culni, okL ui& 

(Bract 

bract in connection with each flower, and no involucre as in the 
umbel. The corymb of tlie rush ia exceedingly irre^lar, pro- 
bably a degenerate cyme (Fig. 118). 
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ExAMPLSB. — Corymb (of anthodia) — ^tansy, milfoil, corn-marigold. 

(12.) The " Dichotonums Cyme " or Dichasium (Fig. 120) is one 
of the most regular forms of inflorescence. The primary axis 
terminates suddenly in a flower ; beneath this flower arise two 
secondary axes; each of these branches similarly ends in a 
flower, and gives ofi^ two tertiary axes, and so on (thus producing 
a superficial resemblance to true dichotomy). 

Examples. — Most of the pink order— (chickweed, &c.). 

(1 3.) The Compound. Dichasium (Fig. 119) is very similar to the 
simple dichasium. From beneath the terminal flower of the 
primary axis spring, not two, but several secondary axes, e.^., 
three, four. Each of the secondary axes terminates in a single 
flower, from under which again arise a number of branches, and 
so on. 

Examples. — Compound dichasium — elder, valerian, wild euphorbia. 
It is not unusual to find the terminal flowers suppressed. 

(14.) The Scorpioid Cyme is a one-sided inflorescence. We 
may suppose it to be developed from the dichasium in the fol- 
lowing manner (comp. Fig. 108, I. II.). The primary axis is 
terminated by the flower 1 ; from beneath this one branch is 
given ofl*, say, to the left (in the dichasium two are given ofi^ at 
the same spot, one to the left, the other to 
the right) ; this secondary axis is terminated 
by the flower 2, from beneath which another 
branch (3) is given ofiF to the left, and so on. 
This one-sided mode of branching gives rise 
to a one-sided inflorescence; the numerous 
branches together form a scorpioid axis, closely 
curled at the tip. The Helvmd Cyme (Fig. 
108, III.) is a similar one-sided inflorescence. 
It, too, is a development of the dichasium. As 
in the scorpioid cjone, a simple lateral branch 
is given ofiF from the primary axis, say, to the p^^^ 121. 

left ; from this one is given off to the right, Double scorpioid 
from this one to the left, and so on, left and cy™eof themarehfor- 
right lateral branches always alternating. A ^i^u-uy, nat'eize.** 
zigzag false axis is thus formed. 

Note, — The scorpioid and the helicoid cyme often closely resemble 
the spike and the raceme ; they may be distinguished as follows : — 
In the spike and raceme the floret and the bract belonging to it are to 
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be found on the same side of the axis, in the scorpioid and helicoid 
cyme the floret is found on one side of the false axis {e.g.j the right), 
the bract on the other {e,g.y the left) (comp. Fig. 103 with 108, ILL). 

Examples. — The helicoid cyme is rare ; examples are found in the 
day-lily and the perforated St. John's wort. The scorpioid cyme is 
characteristic of the borage family (eg,, forget-me-not, heliotrope). 

The forms of inflorescence are of importance with regard to the 
classification of plants. Large groups of plants are thus classified, 
e.g.f the Catkin-bearers ^catkins), the Coniferse (cones), the Umbelli- 
ferse (compound umbels), the CompositsB (anthodia). Further, we 
find a certain form of inflorescence to be characteristic among 
most of the plants of a class, even although it is not made the ground 
of classification — ^grasses (spike and panicle), the pinks (dichasium) 
rushes (irregular corymb), borages (scorpioid cyme). 

Sometimes we find a combination of two modes of branching in 
one inflorescence. In the panicle, e,g,, the branches almost always 
bear spikes (Fig. 114, II.); the corymb, instead of having a single 
terminal floret on each of its branches, may have an anthodium (Fig. 
119), &c. 

6.— The Fntit. 

It has already been said that the organs of the flower, after 
they have attained a certain age, wither and fall off. To this 
general statement the ovary forms an exception ; after the other 
parts of the flower have faded, the ovary enlarges and finally 
develops into what is familiar to us ns the fniit. The fruit 
consists of a hard or fleshy envelope, containing one or more 
cavities or " cells." Adhering to the walls, or attached to short 
stalks, we find the seeds enclosed in these spaces. In the seed 
is the germ of the new plant ; we all know that when it is sown 
in the soil a young plant is developed from it. Beprodiuiian 
of plants Is effected by mea7is of the seed. 

The ovary only develops into the fruit, and the ovules into seed, 
if during the period of flowering pollen has had access to the stigma. 
More will be said of this hereafter. 

When a flower contains only one ovary, there will be only 
one fruit ; e.g., we only get one cherry from a single cherry 
blossom. In those fiiiits again which have several or many 
ovaries, we find several or many fruits ; in fact just as many 
as there were ovaries. As in this case the fruits lie close 
together so as to form a cluster, the fruit taken as a whole 
is termed aggregate. 

Examples. — ^The best known aggregate fruits are raspberry and 
bramble. They are formed of a number uf small individual fruits, 
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crowded together in one ma^s, each somewhat rounded in shape, not 
unlike a plum. . 

In certain instances the ovary alone does not constitute the 
fruit, but other organs of the flower take part in its composition. 
Two well-known instances are the rose and the strawberry. The hip 
is the name we give to the fruit of the rose ; it consists of a red, 
fleshy envelope, inside of which we find a number of hard, elongated, 
hairy seeds. The red envelope is not, as we might suppose, the swollen 
pistil, but. the end of the axis, which has become enlarged, cup-shaped, 
and rather fleshy ; the seeming seeds are not merely seeds, but fruits. 
In the strawberry the red succulent part is formed by the axis or 
receptacle ; the little seed-like bodies which dot its surface are the fruit. 
The pseudo-carpous fruit of the rose and strawberry are at the 
same time aggregate. 

, Pericarp is the general name for that part of the fruit which 
is not the seed. The pericarp may be thick or thin, fleshy 
(succulent), or dry. Sometimes we can distinguish in it several 
layers, which are then called the external, internal, and middle 
pericarps, or epi-, endo-, and mesocarp respectively. These three 
layers are well seen in the plum. Here the external pericarp is 
the thin, purplish, rather bitter skin which covers the surface of 
the plum ; under this lies the greenish yellow, succulent meso- 
carp (the flesh), and within this is the internal pericarp. The 
last is very hard ,and woody, and contains a single seed. We 
call it the stone of the fruit. 

When the fruit is ripe, i.e., fully developed, it in many cases 
falls to the ground. In others it splits up into separate parts, 
and these fall singly. Other fruits again burst open and scatter 
the seed abroad, while the husk remains hanging on the plant. 

Examples. — Fruits which remain entire — cherry, plum, apple, 
bilberry, cocoa-nut. Fruits which split into ^arfe— carrot, caraway, 
maple. Fruits from which seed is scattered — poppy, rape-seed, pink, 
laburnum, thorn apple. 

Fruits vary much in the number of seeds which they contain. 
Some have but one, others two or three, others many. 

The external appearaiice and character of the fruit depend 
on the character of the pericarp. Fruits are distinguished by 
the manner in which they open, the number of seeds, the 
number of cells, and so on. 

According to the character of the pericarp, all seeds are 
divided into dry, and succulent ov fleshy , and these (according as 
they open or not when ripe) may be dehiscent or indehiscent. 
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I. Dry Fruits, — The pericarp is thick and leathery, never 
soft and juicy. Dry fruits include the grain, the niU, the winged 
nut, the sainara or winged fruit, the cremocarp, the schizocarp, 
the siliqua, the legume, the capsule, 

II. Succulent Fruits, — When ripe the pericarp is altogether or 
partly soft and succulent, often very juicy. Succulent fruits 
include the drupe, the berry, the pepo or gourd-fruit, the pamCj 
the soft capsule, and the walnut. 

Tabular View of the various Kinds of Fruit. 

I. Dry Fruits, 

A. Indehiscent, one ur two seeded (nuts, &&). 

a. One-seeded. 

* Wingless. 

1. Pericarp, thin and leathery, seed adherent, Grain. 

2. Pericarp, thick, hard, and woody, easily 

separated from the seed, . Nut. 

•♦ Winged, WlifCED NuT. 

b. Two-seeded. VHien ripe splitting into two halves, 

held together by a stalk. 

* Winged, Samaba. 

*♦ Wingless CaEMOCAEP. 

B. Dehiscent; mobtly with several seeds (dry dehiscent 

fruits, caiMules). 

a. Simple, dry, dehiscent fruits (formed by one 
carpel), one-celled, seeds one or more. 

* Opening along one suture ; seeds one or more ; 

mostly aggregate, ScHIZOCARP. 

** DebiMcing along two sutures, always with 

several seeds, never aggregate, . Lkoumil 

h. Compound dry dehiscent fruits (composed of two 
or more carpels), cells one or several, seeds 
always numerous. 

Elongated, compoited of two carpels, two- 
celled (with partition), seeds adherent to 
the two margins of ventral suture, dehiscing 
along both sutures, Siliqca. 

Rounded, composed of several carpels {e.g., 

five, ten), dehi.scing by pores or by a lid, . Capsulv. 

II. Succulent Fruit tf, 

A. Succulent indehiscent fruits. The seed or seeds 
surrounded by a succulent pericaq), which becomes 
juicy when rijic. 
a. One-celled. 
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IL Suecident Frutle — coDtinued. 

* One-B«eded ; seed with woody inner pericarp 

(stone) UbDPK 

** Csiully with Beverot seeds ; do woody inner 
pericarp. 

1. Fruit contuning few seeds, usiullj 

attached to the centre, . . BsBsr. 

2. Frnit, many-seeded, «e«d attached to ) PspoosGouut 

disBepimeuta in crossing centre, . ( Frdit. 

b. Several -celled FoKE. 

K Succulent dehjacent fruits : — 
Pericarp soft, but not juicy. 

o. Several seedod, . Son Capsolk. 

b. One-seeded, Walwot. 



Description of the various Fruits. 

(1.) The Grain (Fig. 122) is indehiacent, and has a dry 

leathety pericarp, containing one seed, to which it is adherent ; 

the pericarp, therefore, cannot easily be separated from the seed. 




Fro. 122. Fm. 123. Flo. 124. Fio. 125. Fio. 126. 

/'i-uiei.— Fig. 122.— Cmin of the oat {Avena lativa) ; If. Cross aectitm of the 
same. Fig. 123.— A'ue of theoak (acorn). Fig. 124.~~Wiiiged nnt of elm {Utmu 
campeHrit). Fig. 12E. — Samara of maple [Aar platanoidet). Fig. 126.—Crcmo- 
earp of lltraeleam tphoiuii/liiim ; oat. Biie. b Stalli, e Cupule. 

ExAJiPLES. — The grain is the characteristic form of the fruit of 
grasses and the Compositae. Caryoptig is the tei'in which applies more 
especially to the grasses. Achene is tlie name given to the fruit of 
Composite. Examples of the eari/opeig an; rye, wheat, barley, oats, 
millet, maize, rice, &c. ; of the achene- — daisy, dandelion, thistle, sun- 
flower, &c. The caryopsis is to he distinguished from the achene by 
its insepamble pericarp and by ita being channelled e.itemally in the 
long direction. 

(2.) The Nut (Fig. 123) is likewise a dry. one-seeded, in- 
dehiscont fruit. Its pericarp is thick, leathery, or wood, and not 
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adherent to the fruit, so that the latter remains intact after the 
shell is broken. Sometimes, bat not always, the lower end of 
the nnt is sartoonded bv a Idud of involncre called the eupule 
[c. Fig. 123}. 

Example:). — Hazel-nut, acorn, cocoa-nut (but not the walnut). 

(:l) Tke Winged Nui (Fig. 124) is a dry, one-seeded, indehis- 
cent fruit, the tough pericarp of which is extended so as to 
form a broad flat rim around the fruit, which serves the latter 
as wings. 

ExAXPLES. — Birch, elm, at^b. 

(4) The Samara or Winged Fruit (Fig. 125) differs from the 
winged nut in having two seeds. When ripe, it splits into 
two halves, each winged, but still held together by a thin, 
divided stalk. After a time these usually fall away singly. 

Example. — ^The samara is characteristic of the maple& 

(5.) The Creinocarp (Fig. 126) is similar to the samara, but is 
wingless. When ripe it splits into two halves, which fall 
singly, and are ridged or prickly externally. 

Examples. — All Umbeliifene (caraway, hemlock, paraley, fennel, 
chervil, cow-parsnip, &c). 

(6.) T/ie Schizocarp (Fig. 97, IIL, VIIL, X) is a dry, dehiscent, 
always simple fruit, composed of one carpeL It may have one 
or several seeds. If several, they are attached to the suture, 
forming one row. Dehiscence takes place along the suture. 
Schizucarps are mostly aggregate. 

Examples. — Anemone, meadow rue, liver-wort, arrowhead. 

Xote. — ^The shade-loving herb-Christopher or baneberry {Acttvn 
spirfda) has its fruit in the form of a daik blue fleshy 8chizocar|), 
which cau5e8 it frequently to be mistaken for a berry. 

(7.) The Legume (Fig. 127) is a dry, dehiscent, simple fruit, 
composed of one carpel. It has several seeds placed in a row. 
It dehisces by two sutures. Legumes are never aggregate ; each 
flower produces only one. Tlie legume is long and narrow in 
shape. 

Examples. — All jiapilionaceous flowers have fruit in form of a 
legume, e..^., lupin, laburnum, beans, lentO, pea, vetch. In the fruit 
of the bladder-senna (Colutea arhorescens) the pericarp is inflated like 
a bladder ; the fruit may be said to be a bladdei^like legume. 
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Note. — The term lomentum is applied to a certain fonn of legume 
which is constricted iuto joiuts, this giviug it a beaded appearance. 
At each constriction there is a dissepiment, 
BO that the pod is divided into as many 
cells as there are expansions. The lo- 
mentum does not buret open along its 
length, but falls to pieces by dividing at 
the dissepiments {e,ij., Omithoptu). 

The Siliqua (Figs. 128, 129) is a dry, 
dehiscent fruit, formed by two carpels, 
aud having two cells in valves. It is 
many-seeded ; the seeds are arranged 
in two rows. 

It dehisces by two sutures from 
below upwards, or vice versa, the 
central membranaceous dissepiment 
remaining attached to the stalk. 

According as the partition is bi-oad or 
narrow, the siliqua is termed tuliseptati 
or aw/uttiseptate. A very short siliqut 
(Fig. 128) is called a sUicula. ctom »ectioD.' Kg. 128. —Siliqua 

„ ™ .,..., , of Bhepherd'a ininie iOaptkia 

Examples. — The sihqua la the cnarac- burn p<uii>tU) ; three timei en- 
teriatic fruit of the cruc(/er(e; wallllower, Urged. II. CroMiection. Fig. 
wild mustard, cress, penny-creas, shep- 12».— Siliqu» of JUauAiola in- 
herd's purse, whitlow-grass, watercress. ""^ •' ""■ '"*■ 

(9.) Tke Capsule (Figs. 130, 131) is a drj' deliiscent fruit, com- 





JVaid. — Fig. 1 30. — Capeule of poppy { Papaver laiKiiiftTvm) ; 
nat lite. Fig. 131. —Empty canule of chickweed iStdtaria 
media); six tiinra nat. siie. Fig. 132.— Cron section of 



nosed of several carpels. It is easily distinguished by its shape 
from such forms as the siliqua and legume ; it is rounded or 
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very slightly elongated, never long, narrow, and flattened like 
those forms of fruit. It is many-seeded, never one-seeded. 

The nnmber of carpels constituting the pericarp varies. Usually 
there are ten or five carpels, but sometimes, as in the Lvcbnis tribe, 
which almost all have capsules, we get besides five and ten, six, four, 
or three carpels. Capsules composed of two carpels are not uncommon, 
e.g., in the Peraonatw. The seeds are either attached to the walls of 
the capsule, or to a central column. The dehiscence is either by 
valveK, pores, or a li<l. 

(a.) Valvular DehiKenee{Fi^.n\). 
— This species of dehiscence takes 
place in the long direction. The 
carpels usually sejiarate along their 
sutures. The capsule begius to open 
at the end nearest the stalk, and 
the dehiscence ends at the top, 
where we usually find as many 
teeth as there are carpels in the 
capsule. 

{h.)Porouii Z>eAMCCTi«(Flg. 130). 
— When the fruit is ripe, openings 
or pores form in the sides of the 
capsule, through which the seeds 
fall out 

(e.) Traiisvcme or Circular De- 
Pyxis of " monltey-pot " {LecgtiU hiecenrx (Fig. 133). — A groove is 
Maria). oSuIk.it Withered Wveeot formed round the circumference of 
rp^''3*r'£id.'''^'^"X^n^ the capsule {., Fig. l33),along which 
to intemJ purfioe of c»piule. Their the Upper part of the capsule sepa- 
pecoliu- irregulu ahape is due to the rates from the lower. The upper 
pnaare they h.ve undergone during p^rt ia called the lid ; it falls off. 
development. ^.^^ ^^^ seed is set free. This 

form of capsule is called a, pyxis ot pi/xidium (Gr. pyxis, & box). 
Examples. — Valvular cajisules — pink, cuckoo pink, corn-cockle; 
'porous capsules — I>oppy, blue-bell; Pyiidia — pimpernel, monkey-pot 
(Fig. 133). 

(10.) The Drupe is a juicy, .simple, one-seeded, indehisceut 
fruit. The pericarp is divided into three layers — external skin- 
like, middle fleshy, and internal woody. The woody pericarp 
contains the soflish seed, which lies free in the inside. The 
woody pericarp and seed together form the stone (plum, cherrj', 
&c.). 

ExAMFLES. — All the "atone fruits" are drttpei — peach, apricot, 
plum, kIoo, cherry, daniRon. 
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(11.) The Berry is a juicy, usually simple and several-seeded, 
indehiscent fruit. The pericarp is in two layers — an outer 
skin-like, and an inner succulent layer. The seeds do not lie 
in a woody layer of the pericarp, their attachment is usually 
central, occasionally parietal (gooseberry). 

ExAMPLEa — Bilberry, laurel, grape, gooseberry, currant, snowberry. 

(12.) The Pepo or Gourd-Fruit (Fig. 132) is, properly speaking, 
a large berry with a thick pericarp. It contains a large number 
of seeds which are attached to partition-like placentae. When 
ripe it contains, like the berry, a large quantity of juice. 

Examples. — Pumpkin, cucumber, melon. 

Note. — Fruits of the orange species (orange, citron, lemon) are also 
to be regarded as a variety of berry. They are multicellular, and each 
cell is filled with pulp, which surroirnds the seed. 

(13.) The Pome is a succulent, several-celled, several-seeded, 
indehiscent fruit. The pericarp consists of three layers — an 
external skin-like, a middle fleshy, and an inner parchment-like 
layer, which forms the cella Usually there are five cells. If 
the seeds are woody and hard the pome is said to be drttpaeeous. 

Examples. — Apple, peair, quince ; drupaceous — hawthorn, medlar. 

(14) Fleshy Dehiscent Fruits are rare, and require no peculiar 
names. Their pericarp is fleshy, but not juicy. 

Such a fruit is, e.g,, the walnut. Its seed is surrounded by the 
woody inner layer of the pericarp. The outer layer is fleshy, very 
unpleasant to the taste, and of a green colour; it opens when the 
fruit is ripe. The walnut may therefore be compared to a dehiscent 
stone fruit. 

The horse-chestnut is an example of a fleshy capsule. At first it is 
two-celled and six-seeded, but in development it becomes three-valved 
and two-seeded; the green prickly and fleshy pericarp opens when 
ripe, and the two large seeds fall out. 

The fruit of the balsam may be most conveniently compared to a 
fleshy siliqua. On account of its peculiar mode of dehiscence this 
plant is called touch-me-not {Impatiens noli-me-tangere). If the ripe 
capsules of the bakam are touched they open at once, the fleshy 
valves curl themselves up like a watch-spring, and the seeds are 
scattered by the sudden movement. 

Wo already know that plants may be arranged according to their 
mode of inflorescence. They may also be arranged according to the 
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fonn of their fruit. Thus the gnkase§ have b caiyopsia, the Composita: 
an achene, the maplea a samara ; similarly a cremocarp chaiacterisM 
the Umbelliferee, a schizocarp the RanimculscBEe, a legume the Papi- 
lionacete, a siliqua the CrucifBrse, a capsule the poppy, piuk, primrose, 
blue-bell, lily, iris, orchis, violet ; a drupe the almond, a beny the bil- 
berries, a pome the apple, a pepo the pumpkins, and bo on. 

C— The Seed. 

Iq the young ovary are found, as we have already seen, the 
ovules. While the ovary is developing into the fruit, the ovules 
are developing into the seed. The fruit may contain one, seven], 
or many seeds. 

The essential parts of the seed are the embryo, from which 
the young plant is developed, and the seed-coat or integument, 
which covers the embryo and protects it from injury (Fig. 21), 
Besides these two parts, there is found in many seeds a homo- 
geneous white, grey, or yellowish-looking mass, which may be 
either floury, fleshy, hard, or tough, and which serves as a store 
of nourishment for the young plant during the early stages of 
growth. This mass is the albumen. 

EXAUPLBB. — Wetlhwwn examples of rzalhuminous seeds (seeds 

without albumen) are the benn, pea, lentil, &c. ; seeds 

f ; eimtaining a large qtiantity of albujtten are, e.g., those 

of the graasea, or the nut otPlnjfelephaa macmcarpa, 

' in which the albumen is so hard that it can be worked 

' , like ivory. 

The arrangement of embryo and albumen in the 

seed is seen in Fig. 134, where we have a longi- 

tu<Hnal section of a grass seed much enlarged. 

The surface of the seed is covered by a strong 

integument, the seed-coat (s) which in this case is 

k/ yellowish in colour. At the l»aae of the seed is 

the gain or emh-yo (Gr. embruon, a seed), which 

is again made up of several parts. The upper 

Fio. 13*. prominence is the germ into that part of the plant 

Longitudinsl which appears above the ground, the lower (w) is 

;^™/p1^ tlie germ of tlte root The former (/) ia called 

ule, w lUdicle, the plumule, the Iatt«r (if) the Todicle. Beside 

^^^5^*jJ''^" the plumule, but more towards the centre of the 

seed, is a rather long, narrow leaflet, which, when 

the seed sprouts, ia tlie first to appear above the ground and 
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Assume a green colour. As tbis leaf is already fonned in the 
seed it is called the seed-leaf or cotyledon. Close to the embiyo 
is the large floury mass of albumen (e), which forms the earliest 
nutriment of the young seedling. 

In cases where the albumen is awanting the nutriment is 
stored in the cotyledons themselves. We have already seen the 
seed of the hean (Fig. 21). In it we find the germ of the future 
plant (e) enclosed in the strong white seed-coat (/, IL) and two 
cotyledons (e c), which are thick and fleshy, and loaded with 
nutritive material. 

By the examination of the grass seed and of the bean, we 
learn that some seeds have two cotyledons, others only one. 



IV.— HAIRS, &c. 

Hair structures are not, like flowers and leaves, confined to a 
certain part of the plant, but are to be found on root, stem, and 
leaf structures. 

They are usually small and 
fine, and therefore run a greater 
risk of being overlooked in a 
superficial scrutiny. Hair struc- 
tures are found only on the 
surface of organs, to which they 
give a velvety, woolly, or rough 
appearance. Hairs are either 
cylindrical and pointed, or they 
are cylindrical with a knob-like 
head (Tig. 135). 

There are always hairs on 
the surface of roots (rooi-kairs). 
The extreme ramifications of the 
rootlets are usually quite covered ^'°- ^^'- ^'°- ^'^- 

with them. The shape of theae ^a.r-K,E!^S'".:d'7£ 




hairs never occur on roots. 



fclia); 



'Hte absorption of water from the ground by roots, already spokfln 
of, is mainly accomplished by the root-haiTB. These can penetmte the 

smallest interstices, the spaces between grains of sand, &c, and attach 
themselves to the smallest particles with great tirmness, the plant 
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being thus veiy closely connected with the ground. The water pene- 
trates the delicate colourless walls of the hairs, gets into the roots, and 
is by them conveyed to the other parts of the plant. See Part IV. 

The stem and leaves also abound with hairs ; if entirely with- 
out them, they are said to be naked. Hairs on the stem and 
leaves either serve to protect these organs against cold, &c, or 
against the approach of animals, or thcj may serve as a means 
of transport for the fruit. 

Many plants indigenous to lofty mountains or the polar regions are 
so thickly covered with woolly hairs that their form is almost con- 
cealed. In such cases the hairs are to the plants what fur is to 
animals. Plants which grow in the desert are often for similar reasons 
well protected by hairs. 

A well-known form of defensive hair is that of the nettle. The 
pain which ensues upon touching this plant is due to the fact that the 
surfaces of the leaves are covered with long fine hairs, which contain 
a poisonous fluid. The walls of these stings are hard and brittle, like 
glass ; when the hand comes in contact the sharp points pierce the 
skin and there break off, upon which a small quantity of the poison 
is emitted. It is this which causes the burning, itching sensation, 
which fortunately soon passes off. The same effects are caused by 
the sting of many exotics. The fruit of Mucuna pniriens, a papilion- 
aceous plant common in the Moluccas, is covered with stiff straight 
hairs ; if these are touched they enter the skin, break off, and cause a 
severe, almost intolerable, itching and burning sensation. 

Almost without exception flowers bear hairs on one part or 
another, which either plaj a part in connection with insect 
fertilisation, or protect the flower against damp, and the aggres- 
sive attacks of animals. Of this we shall hear more in Part 
III. The fruit and seeds of many plants are frequently very 
hairy. The hairs may serve as wings, and admit of the seeds being 
carried by the wind, so that plants possessing such seeds have a 
good chance of being widely spread. This, too, will be further 
considered in Part III. 

We usually apply the term hair to superficial appendages of 
the plants when they are thin, delicate, and flexible. Stiff hairs 
are termed bristles, strong and woody hairs become prickles 
(Fig. 136). • 

The most familiar examples of woody hairs or prickles are 
those of the rose and bramble. They are confined to the stem and 
to the veins of the leaf. If we peel off the rind of a prickly stem, 
the prickles come away along with it. Prickles are thus easily 
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distinguished from thorns (Fig. 18). The thom is a modified 
branch, covered with a thickish rind, while the prickle is a 
modification of the epidennis. The distinction between prickles 
and thorns should be carefully kept in view. In like manner 
we must guard against confounding the true thom with thonis 
wliieh are modifications of leaves (leaf thorns, Fig. 43). The 
external resemblance between prickles, thorns, and leaf thorns 
arises from the fact that during the life of the plant they all 
perform similar functions; they ward off, with their sharp 
points, the attacks of predatory animals. This function they all 
perform in the same way, yet the first are hair-structures, the 
second stem-structures, the third leaf-structures. 
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PART II. 

SYSTEMATIC BOTAXT. 

Floral Dugraiis. 

EssENTULLT the flower is composed, as we already know, of ■ 
tliree parts, the floral envelopes (calyx ond corolla), stamens, and 
pistil. The calyx siurounds the flower externally, next comes 
the corolla, next the stamens, and last of all the ovary or 
pistil. 

If we look at a typical flower from above (Fig. 137, L) we at 
once see that the centre of the ovarj- is exactly the central point 
of the flower ; that is to say, if we draw from the points a, 6, d, 
t,f, the extremities of the petals, straight lines to the point t, 
the lines ta,th,cd, ct, cf will all be equal. 
They are the radii of a circle, which passes 
peripherally through the points a, h, d, e,f, and 
whose centre is c 

It is easy to see that not only can a circle 
be drawn so as to touch all the extremities of 
the petals, but other circles can also be drawn 
which shall touch peripbeially the extrumities 
of the stamens and sepals, they being likewise 
equidistant from the centre (Fig. 137, 1.). We 
therefore speak of a circle of petals, a circle of 
sepals, and a circle of stamens. Technically 
these circles are called whorls. 
- „ » If through the point c (Fig. 137, 1.) a line ie 

vtS^wrtl fronr«i"'vp ; drawn perpendicular to the surface of the flower, 
IL h'lww Uw witti. it will [lass through the centre of the ovary and 
Ih' fiintiiiutHl in the stalk {ij h. Fig. 137, II.) This will represent 
llu>.i,n;iof the flower. 

The Florixt IHaijram. — If a section of a flower is made in a 
ilirtH'timi at right Ki)g1e.s to the axis (t,^,, a trantrfrM section), we 
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find, at least in the bud, the corolla inside the calyx, the stamens 
inside the corolla, and, in the centre of all, the ovaty. 

In Fig. 138, I. we have a bud of mock orange blossom (Phtla- 
ddpkua eortmariiia), whose axis lies in the vertical line A. If 
with a sharp knife we make a section through the bud at B, 
at right angles to A, we see what is represented in Fig. 138, 
II. Externally the bud is surrounded by four thick, narrow, 
green sepals (k) ; 
then come four white 
petals (J) overlapp- 
ing each other (black 
in the figure for the 
sake of clearness), 
then a large number 
of young stamens 
(a), their anthers Fio. iss. 

cut across, and tin- Mock orange bloaeom [Philaddphu* eoronariia). — T. 

„11„ i.U« »«..- _t.1 Bod, nat. rizB ; IL section of thesamethrtugh S; IIL 

ally the four styles g^ctioB thMBh C. J At»; i Calyx; i Petal.; . 

(/), their stigmas StamenB ; /. style. (II. and III. four times enlarged.) 

cut away. This section gives us a very good idea of the more 
apparent parts of the flower, but as yet we know nothing of its 
ovary. To discover its structure, we must make a second 
section through C (Fig. 138, I.), also at right angles to the 
Axis A, and therefore parallel to S. We shall then see what is 
represented in Fig. 138, III. : the ovary is four-celled ; in each 
cell are two placentae, with numerous ovules. 

If we now make a drawing of what we see when we lay the 
two sections one on the top of the other, in such a way that 
their centres correspond, we shall get the Figure 139. In this 
diagram we have a representation of all the more important 
parts of the flower, as if they lay in one plane. 

A section of this sort is termed amoral diagram^ 

There are but few plants in which we can see all the parts of the 
flower and their mutual relationships in a aingle section. We have an 
example of this, however, in the tulip (Tulipa Oesneriana). If we 
make a section through the flower about half-way up, we shall find 
that it passes through the six parts of the perianth, the stamens, and 
the ovary. The aingle section gives us the complete floral dingraro. 
Wheieas in this case we find that the floral diagram is simply a some- 
what diagrammatic representation of the transverse section, we must 
remember that it ia possible to have many varieties, '"* 
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i being either airaplor of mors complicated. We may conceo- 

an the more general relations of part to part, and thus obtain a 

n . .^ diagram simple, clear, and capable of being 

^f*-*'^^*^, c understood at a glance ; or we may attempt 

„ . X^^fc^'v^ ^ delineate the more minute fraturea of 

/^^T»JjJjX \ structure and relationship, and thus obtain a 

f j'ji&I^P*' ^!' diagram less easy to understand, but more 

SyR^BJWl i |) exact as to particulars. In any case, the 

T%SJi'^T*y / diagram is the simplest possible expression 

V^TlS*^^ / of the characteristic peculiarities of the 

? •-]^"-''^'^^ ■ f Hower, and, given only a knowledge of the 

~" .^'-^ rules regulating its construction, any one can 

Fio, 139. easQy represent thereby the structure of 

¥l<«*\ diognun ol mock ""? ^0^" ^^^'^h may fall under his con- 

onuigs blowom {Philadtl- sideration. Moreover, it ie only by famili- 

BJuieoronoriiH). aiCmXyx, anty with the art of diagrammatic repre- 

Ov' ^"wDiJi 1^™' ^ sentot'on **>»* oie can hope to obtain a full 

^' " and clear idea of the characteristics of the 

groups into which plants are divided, and of the relationships which 

exist between one group and another. We shall now proceed first of 

all to study the rules which govern the construction of the diagram, 

and to consider the various forms which it may assume, after which it 

will be possible for ns to take a general view of the leading natural 

orders. We shall begin with the very simplest forms, and pass 

upwards to the more complex, until we arrive at those which show us 

all the most important relations which exist between the parts of the 

flower. 

Condructian of the Floral IHaffram. 
Usually the floral diagram consists of five concentric circles 
(Fig. 140). On the first (1) lie the aepala of the calyx (calyx- 
1 




Outlines for 
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circle), on the aecond the petals of the corolla (corolla-circle), on 
the third and fourth (3, 4) the stamens (stamen-circle) on the 
innermost (5) the orary (ovary -circle). The number of parts 
forming each circle may always be traced back to the following 
fundamental h/pfn : — 



FLORAL DIAGRAMS. 



85 



(1.) The Three-leaved Type {trimeroua). — Flowers with tjiree 
sepals, three petals, 2x3 stamens, and three-celled ovary. 

(2.) The Four-leaved Type (^(etrameroiis). — Flowers with four 
sepals, four petals, 2x4 stamens, a four-celled ovary. 

(3.) The FHve-leaved Type (pentamerovs.) — Flowers with five 
sepals, five petals, 2x5 stamens, a five-celled ovary. 

Correspondiug to these fioral types we have tHmerous, 
ttirameroua, peatameroiis floral diag^'ams. 

To construct a trimerous diagram, draw, first, five concentric 
circles (F^. 140, 1,), divide the outermost into six equal parts, 
and connect the points a a'- e e^ d d^ in its circumference with 
the centre (c) by means of straight lines -.aciec, and d e may he 
drawn in as dark, a^ c, e^ c, and rf* c as dotted lines. The dark 
lines are the radii, the dotted lines the iiiter-radii. The tri- 
merous diagram has three radii and three iiUer-radii. Now 
draw in (as in Fig. 141, I.) on the three mdii of circle 1 the 
three sepals, on the three inter-radii of circle 2 the three petals. 




Fw. 141. 

TrimeiDiu, tetruneroui, uid pentomerout floral dUgr&mB. 

on the radii of circle 3 and inter-radii of circle 4 the six 

stamens, and, finally, insert the ovary as shown in the figure, 

and the trimerous floral diagram is complete. 

To construct the tetramerous digram, begin as before by 
drawing five circles (Fig. 141, II.), and divide tlie circumference 
of the outermost into four equal parts. By connecting the 
points a, b, d, e by straight lines passing through the centre (c) 
of the circles, we get the four radii a e,bc,d c, and e c. If we 
now bisect i. a ch and l b c d, and produce the lines a* c and 
fc* c to the points d^ and e', we obtain the inter-radii a^ c, 6' c, 
d^ c and e^ c. The tetramerous diagram has thus four radii 
and /tfitr iiUer-radii. The parts of the flower may now be 
filled in, as shown in the description of the construction of the 
trimerous diagram. 
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T^e perUamerotLs diagram is constructed in a similar manner. 
The circumference of circle 1 (Fig. 140, III.) is divided into ten 
equal parts, and we then proceed as in the construction of the 
tnmerous diagram. We thus get the five radii a e,l e,d e,ee, 
fc, and the five inter-radii a^c, b^c, d^c, e^c^f^c. The parts of 
the flower are drawn in as before. 

In the trimerous and pentamerous diagrams evory second radios is in 
the same straight line as every second inter-radios ; in the tetrameroos 
diagram every two radii and every two inter-radii are in the same 
straight line. 

The size of the angles is worth noting : — 

(a.) In the tiimerous diagram Laea^ « 60*, Lace ^ 120* 

{f)S In the tetrameroos diagram Laca^ » 45*, Laeb ^ 90* 

(c.) In the pentameroos diagram Laca^ «> 36*, Laeb ^ 72* 

Number and Arrangement of the Farts of the Flower. 

From the floral diagram we are able to make out the follow- 
ing points : — 

(a.) llie number of parts in the flower ; 

(6.) The position which they occupy relatively to one another. 

It leaves us, however, in ignorance of their form. 

(a.) Number of Farts, — The very expression tri-, tetra-, or 
pentamerous floral diagram is an index to the normal number of 
parts to be met with in each whorl of the flower. As a rule all 
the parts are either in threes or fours or fives ; much more 
rarely we find that one part falls below or rises above the others 
in the number of its divisions. When this does happen, the 

irregularity is generally in the 
ovary, the number of whose parts 
seems to be most subject to varia- 
tioa In Fig. 142, for example, 
we have two diagrams of Deutzia 
glabra, a common greenhouse 
^. . r. . . E plant. The calyx, the corolla, 

Dutframa of DnUzia glabra, one , .1 , i_ 1 ^1. 

with three-oelled, the other with and the tWO WhOflS 01 StamOUS 

fourceiied ovary. are each peutamerous, but the 

ovary is trimerous (is three-celled, I.). The same plant may also 
have a four-celled ovary (II.) In the flower of love-in-a-mist 
{Nigdla arvensis) are five sepals, eight petals, 5x8 stamens, 
and five ovaries (fruit a schizocarp, ovaries partly united). 
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(6.) ArrangemeTtt of Farts. — All the parts of the flower are bo 
arraoged that either a ladius or an inter-radius passes through 
their centre (they are either on a radius or an inter-radius). 
If there are, as often happens, two whorls of stamens, the 
arrangement is usually as follows : — The sepals are on the radii, 
the petals on the inter-radii, the stamens of the outer whorl on 
the radii, the BtAmens of the inner whorl on the inter-radii, the 
cells of the ovaiy on the radii. This holds good either of the 
tri-, tetra-, or pentamerous floral diagram (Fig. 141). 

In this case the sepals, outer stamens, and cells of the oraiy lie all 
in one straight line on the radii, the petals and inner stamens in one 
straight line on the inter-ndii 

When one of two parts lies on the radius, the other on the 
inter-radius, they are said to be alternate, because the central 
axes of the members of the one set occupy the spaces between 
the members of the other {e.g., sepals and petals in the three 
diagrams in Fig. 141). The whole diagram is said to be alternate 
when all the parte of the fiower are arranged alternately on 
radii and inter-radii (Fig. 143, I.) ; such diagrams are very 
conunon. There are probably no diagrams in which all the 
members of the different whorls are opposite (i.e., situated either 
on radii or inter-radii, Fig. 143, II.), and which are accordin^y 
called opposite floral diagrams. (The diagrams in Fig. 143 have 
only one whorl of stamens, not two, like those we have hitherto 
dealt with.) 

The Theoretical Diagram. — If we compare the digrams of a 
number of similar plants, we observe that they are either 
perfectly aiike, or at least agree in 
most points, and present only 
slight variations. All plants of 
the lily species, for example, are 
pretty siioilar; such are the tulip, 
the hyacinth, the white lily, 
the tiger lily, the Turk's-cap Fio.i*8. 

lily, the snake's-head. and fri- l>»P«--i- Aifnute. IL Oppo.it^ 
tillaty, &c. All these have a similar trimerons diagram — 
three sepals (I., II., III., Fig. 144), which are not green, but 
coloured like the flower; three petals (1, 2, 3, Fig. 144), 2x3 
stamens, and a three-celled ovary, each cell containing two seeds, 





t<ro-tliipd» 

perianth [aepalB) ; 1, 2, 

(petal.). 



Upa G<. 

. 11., III., Ont^ ^ 



as is seen in transverse section (comp. Fig. 141, 1.). The parts 
are all alternate. 

, Plants similar in some re- 

spects to the lilies are the 
rushes, the palms, the bam- 
boos, and the grasses. Let us 
examine the diagram of each 
of these planto in turn. 

The flowers of the ruaA« 
appear at first sight to be very 
unlike lilies, bat this apparent 
want of resemblance is due 
to the fact that the rushes have 
very small and inconspicuous 
flowd envelopes, while those 
of the lilies are very large 
and striking. The number 
and arrangement of parts is 
exactly the same in rushes and in lilies, so that, indeed, the 
floral diagram of the lily (Fig. 141, I.) would stand equally well 
tor that of the rush. 

The flowers of the palms resemble those of the rushes in this 
respect, that their flowers are likewise small and inconspicuous. 
They, too, have three sepals, three petals, 2x3 stamena, and a 
three-celled ovary. But wiiile the cells of the ovaries of the 
lilies and rushes always contain several seeds, those of the palms 
contain only one. This peculiarity can easily be expressed 
diagrammatically, as is shown in the diii<,Tam (Fig. 145, 1.). 

lu tropical countries a common plant is the hanihoo, which, 
properly speaking, is a sort of grass, altbougU it grows as high as 

I^ II 111 ^ IV 

\fj/ v^v v!'y KlJ 



]>i*lirMiu. -] VtXm, II B)tmU», lit IV Gnsw». 

a tree. Tlieir manner of growth and general appearance is not 
Txnlike tliat of many palms, and the same applies to the structure 
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of their flowers. These exactly resemble the flowers of the palm 
in the number and arrangement of their parts, but the calyx is 
entirely awanting, and the ovary is one-celled and one-seeded. 
If we construct a diagram of the bamboo, its appearance is some- 
thing as follows (Fig. 145, II.) : — As already said, there is no 
calyx ; the calyx- circle therefore remains blank. If the calyx 
were present it would have three sepals, to correspond with the 
prevailing number of the other parts of the flower. In order to 
indicate that the three sepals are awanting, we mark the place 
they would have occupied by three dots. The diagram of the 
bamboo begins in reality on the second circle, where we find the 
three petals ; then follow the third and fourth circles, each with 
three stamens alternating with one another, and lastly comes 
the fifth with the one-celled, one-seeded ovary. It follows from 
the shape of this ovary that it, too, must be trimerous ; we can 
see in the diagram the three carpels of which it is composed. 

The floral diagrams of the true grasses are of a yet more 
simple type. A grass which comes very close to the bamboo 
in structure is the rice-plant (Fig. 145, III.). Its flower is to 
be distinguished from that of the bamboo by the following 
peculiarities: — Whereas the bamboo flower has three petals, 
that of the rice plant has only two ; the missing petal shoidd 
occupy the position indicated in the diagram. Moreover, one 
carpel of the one-celled ovary is undeveloped, namely, that 
which lies nearest the two petals. Let these missing members, 
too, like the missing sepals, be indicated by dots, and we shall 
get the diagram. Fig. 145, III. 

The flowers of our common meadow grasses essentially re- 
semble the one just described, only in their case the three 
stamens of the fourth circle (the inner whorl) are also awanting ; 
the grass diagram is given in Fig. 145, IV. 

A study of Fig. 146 will make this clearer. In I. we have an entire 
grass spikelet, bearing two flowers enclosed in two scale-like bracts 
(glumes) (a, h). In II. we have the lower flower more higlily magni- 
lied. At the termination of the flower-stalk are two " flowering bracts " 
(the outer and inner palece) which enclose the true flower. This con- 
sists of two small white, often thickish, petals (t, the lodtctUce), three 
long stamens (e e), and a rounded ovary, with two long feathery 
stigmas (/). From the fact that there are two stigmas we infer that 
the ovary is composed of two carpels. 

We thus see that in the flowers of these plants, the bamboos 
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as well as the graases, certain parts are absent wliich we should 
expect to find, from our knowledge of the typical Btractoie of 




A giw* (ifolcui lanatm). — L Spikdet with two flowei* 

(enluged) ; II. The lower flower, more enlaived. g Flower- 
■talb, a b Glumei, c d Palen, i LodicuJjB, e Sbuneoi, 
/ Oynrj with stignuw, A Stallc of single flower. 

fiowei-B closely related to them. From this point of view one 
might therefore call such flowers irregular or undeveloped. By 
comparison of these flowers with those of kindred plants, it is 
possible for us to indicate in t)ieir diagrams the exact positions 
which the missing parts ought to fill The right hand diagram 
in Fig. 147 shows the floral diagram of a grass, such as we obtain 
hy direct observation ; the other shows the diagram of the same 
plant completed by filling in the missing parts, whose position 
we know by cmaparative observation. 

SvaJi diagrams as thow only the 
•Tw-^- y^ • X P^^^^ actually found in the hud an 

f < . , ' I \ " f \ calltd empirical (i.e., directly observed) 

^ .•^// % ^ # dinfframs. Such diaffraina as show 
*'--^-'S.,':'.'---^/ not only the parts found in the bud, 

but also indicate all otliera which are 
known to be wanting from general 
comparative observation, are called 
theoretical diagrams. 
When the flower is yet in the early stages of development 
(t.«., is a very small bud), we often find rudiments of those parts 
which are awanting in the full-blown flower, and which are indi- 
cated in the theoretical diagram by dots. For example, in flowers 
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where the second whorl of stamens is absent in maturity, it 
may be found in embryo in the bud. Its presence is indicated, 
like that of the other whorl, by a series of small prominences. 
Its development is arrest^ed, however; the stamens cease to 
grow, and by and by all trace of them disappears. In other 
cases, again, no trace of missing organs is found, even in the bud, 
e,g,, the inner whorl of stamens in the grass-flower. 

Male and Female Flowers. — Curious examples of arrested 
development of parts occur among those flowers which we 
before spoke of as male {i) and female ($). These, too, can 
easily be represented diagrammatically. In male flowers the 
ovary circle is absent; their diagram therefore assumes the 
form shown in Fig. 148, L ; in female flowers all the stamens 
are absent, see Fig. 148, II. ; the 
diagram of a neuter flower is 
shown in Fig. 148, III. ; the 
diagram explains itsel£ Plants 
bearing flowers, some of which 
are male, others female, require a 
diagram for the representation of 
each sex. 



In male flowers the ovaries, in 
female flowers the stamens, are usually 

entirely suppressed; but in many -., , ... **!!' ., , -- 

^ . ^ r i: a Floral Dtagrami. — I. Male ; IL 

plants, some of whose flowers are Female; III. Neuter flowers, 
male, others female, we find in the 

male flowers rudimentary ovaries, in the female rudimentary stamens. 
These appear as little knobs, projections, or hair-like bodies, and 
show plainly that the peculiar form of the fully developed flower is 
the result of suppression. These traces or rudiments teach us that the 
unisexual flower is developed from the ordinary hermaphrodite form. 

Regular, Symmetrical, and Irregular Flowers, — If in any of the 
typical floral diagrams (Fig. 141) we prolong one of the radii or 
inter-radii to the circumference of the circle, we find that it 
divides the diagram into two halves, a right and a left. The 
halves are symmetrical — that is to say, the one is of exactly 
the same shape and size as the other. If we draw one of the 
diagrams on paper, and cut it into halves with a pair of scissors, 
and afterwards apply the cut edge to the surface of a mirror, we 
see as it were a complete diagram, the one-half formed by the 
paper, the other by its reflection. Everything which in the one 





lies, say, to the right, occupies in the reflection a corresponding 
position to the left, and via versa. 

These remarks do not apply to one particular radius or inter- 
radius, but to all alike, so that we can divide the trimerous 
dit^ram in three, the tetramerous diagram in four, the pent- 
amerous diagram in five different ways, into symmetrical halves. 
All diagrams (and their corresponding JUnoers) which can he 
divided into iwo exactly/ similar /talves, in a varidy of ways, are 
r^ular. 

There are other diagrams, however, vhich can he divided 
into similar halves only in one direction, e.g., bird-vetch ( Vicia 
cracca). Fig. 149, 1. This can only 
''^. be divided symmetrically in the 

/ ^i+^ V ^ ^L ^ direction indicated by the arrow ; 
\l(u9i)' I ^^ I' "^ Bcction made so as to cross the 
^yj^C- V ^y aiTOw at any point cuts the flower 
^^^^^"rrr^ into two parts, one of which would 
contain a greater number of the 
, „ . , ,. ,,. . oreans of the flower than the 

1. SymtDetncu diagrua of bird- y 
vetch ( Vina eraaa] ; IL Unsym- Other, 

njetriod dUgrmm of i.di«- mmniiB ^f^ diagram (and their corre- 
sponding Jtowera) which can only be 
divided into two exactly similar halves in one direction are 
symmetrical. 

Symmetrical diagrams often develop from regular forms bjr sup- 
pression of parts in the latter. One example of this we have already 
had when considering the theoretical diagram (Fig. 1 45). The diagmms 
of the palm and bnmbno are reiiidar ; they can be cut into symmetri- 
cal halves in three different directions. The diagrams of rice and 
other grasses, again, are lyinmctrical, because tUey can only be cut 
into symmetrical halves by a litio running in a vertical direction 
through their centre. 

Symmetrical diagrams may arise in many different ways from the 
primary ty\iC6, by extinction of certain parts. Nature, too, we fiod, 
t'orms the most varied symmetrical tlowere, which may all be traced 
back to the regular three, four, or live jiarted original. 

Finally, there are certain diagrams (and corresponding flowers) 
which cannot in any way be cut into two symmetrical halves. 
An example of such a diagram is that of ladies' mantle 
(AlclumUla arvensis), Fig. 149, II. The flower belongs to the 
tetramerous type ; it has, however, only one stamen, which liea 



ne leaf / \ 

of the \ f 
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to the right, and one ovary, which does not lie in the centre of 
the flower, but is pushed upwards a little (is eccentric). 

All diagrams {and their corresponding flowers) ^ which cannot he 
divided into similar halves are irregular. 

Estivation, or Arrangement of the Floral Envelopes. 

Wlien considering the flower of mock orange blossom (Fig. 
139), we saw that in the bud the floral envelopes all overlap 
each other in a certain manner. Even in a fully opened flower 
we can easily see that the right margin of one petal extends for 
some way over the left margin of 
the next This is termed overlap- 
ping, because one part of one leaf 
partially overlaps a part 
next. 

Floral leaves may be arranged 
in the bud in various ways; the 
most important are as follows : — 

(1.) When there are four petals 
or sepals arranged in opposite pairs, 
so that both margins of the two outer ^ ^^^ 

overlap both margins of the two ^tiyatiorL-L Valyate; IL 

inner, the arrangement is said to be Twisted ; iil Decuwate ; iv. 
decussate or alternate (Fig. 1 50, III.). '^'"^^'^^^ 

(2.) When the leaves are so arranged that one margin of one 
leaf overlaps the margin of the one following it, and has its 
other edge overlapped by the one preceding it, the aestivation is 
said to be twisted (Fig. 150, II.). 

(3.) When in a pentamerous flower two leaves have both 
their maigins overlapped, two others have both their margins 
overlapping, and a fifth has one margin overlapped, the other 
overlapping, the arrangement is said to be quincwncial 
(Fig. 150, IV.). 

(4.) When the margins of the leaves meet each other but do 
not overlap, the arrangement is said to be valvate (Fig. 150,1.). 

We need scarcely say that it is very easy to show in the 
floral diagram the manner in which the leaves overlap. In most 
of the foregoing diagrams, however (with the exception of Figs. 
138 and 139) no attention has been paid to this, and in future 
it will only be indicated where it is of special importance. 
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When a flower is fully expanded it is fteqnently extnmely difBcolt, 
nay, impossible, to tell in what maimer the parts of its floral envelopes 
Ore arranged. The bud, therefore, is usually chosen when the mode of 
anangement is to be examined. All that need then be done is to 
make a transverse section in the manner shown with the bud of 
Philadelphtu{Fig, 138),whenthemodeof anangement at once becomes 
evident. 

Coaiaemee or Cohesion of Porta. — We have already seen in 
Part I. that it is very common for one part of a flower to unite 
with another. For example, stmt/ar parta may 
unite, eg., the sepals of the calyx, the petals 
of the corolla, or adjaceat stamens ; while 
almost without exception the carpels of the 
ovary have completely coalesced. In addition 
to this, however, we may have adnatioa or 
Fio. 161 uaioa of dissimilar parts, e.g., the stAmeus 

Dutgramofdewi- "'* **»« petals, Or with some part of the 
nettle (LamiuMai- ovary, &c These peculiarities may also be per- 
pBt»u.*' "" fectly well indicated in the diagram. If the 
petals have coalesced among themselves, as in 
the case of the dead-nettle (Zamtum album,aee Fig. 151, also Fig. 
lO^i), this may be shown in the 
dit^ram by short curved lines 
drawn between them (see Fig. 
151). If, as very often happens, 
we have besides a union of the 
stamens with the petals as in 
Symphytum officinale (see also 
coroHiflorals in genenil), the 
coherence of the petals is de- 
noted by the curved lines, the 
adnation of the stamens by short 
strokes uniting them with the 
petals (Fig. 152, 1. II.). 
f In Fig. 152 we have also the 
Stfwipktitiim '■^viit, with »dute diagram of a flower whose «to- 

■ttmuu ; n*t. liie. II. Diaerun of , t_ 3 ,ji ■ 

thB Nine flowBT ; III. DU^ of MCTM have Cohered {aerarmtm 

meadow crane'i-biU (Ofnniiii»i pra- prateTtSt) l It needs UO farther flX- 
tnut), with itunenj unitad. '^ . ^. ' 

planation. 

Sfduplieatim of Pari*.— Whereas in many flowers we find 

certain ports awanting or suppi'essed, in others we find that they 




Fio. 1E2. 
Co<Jaetner of PorU,— I. Corolla 
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exceed in number those of the fundamental type. This augmenta- 
tion of number is tenaed reduplication, by which t«rm is 
expressed the fact that the augmentation haa not taken place at 
haphazard, but in accordance with the geneml type upon which 
the flower is formed. Kednplication, or regular multiplication, 
may be either tangential or radial. 

By the term radial is meant the direction coTreBpondicg to a radius 
or interradias, by tangential the direction at right angles to the 
former. The tangent may be expreBsed by a line drawn at right 
angles to the extremity of a sin^e radius. 

(1.) As the result of tangential reduplication, we find tlie 
doubled, tripled, or quadrupled floral members on circles 
exactly corresponding 
to those of the floral 
digram of the funda- 
mental type. In Fig. 
153, 1, we have the dia- 
gram of Alisma Flan- 
tago ; it is formed on 
the trimerous type. 
Sepals and petals are 
normal, but the inner 
whorl of stamens is 
absent, the outer re- 
duplicated, .0 that in- ^^./i^^lSl" 
stead of one stamen at 
each of the proper points in this stamen-circle, wc find two. 
The ovary circle is at the same time qnadrupled, so that 
instead of the normal three cells we have twelve. 

This diagram, tlieiefoie, does not diHer from the type in the number 
of its stamens, but in their pofition (comp. Fig. 141, 1.). We thus see 
how important, for the drawing of a correct diagram, is an exact 
knowledge of the position of the parts. 

(2.) As the resnlt of radial reduplication we find that 
between the normal number of circles in the type (usually four 
or five) it is necessary to insert, at one point or another, other 
circles, on which in the diagram the parts may be laid down, 
say, from 6 to 14. An example will serve to make this clearer. 
In Fig. 153, II. we have the diagram of A quilegia vulgaris. The 
flower ia pentamerous, but in place of the normal two stamen- 




Stduplleation of Part$.—X. Du^t"" ot AlUma 
Plantat/o ; ituneiu and ovary tangentiaU; redupli- 
cated. II. Diagram of AquiUgia vulgarit; itameiu 
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circles, we have here nine, with five stamens each. The first 
five are situated on the radii, the second on the inter-radii, the 
third again on the radii, and so on. The normal number of 
the stamens which we should have expected is here increased to 
forty-five. 

The consequence of both forms of reduplication is the same, 
namely, to increase the number of organs. There is this difference, 
however : in tangential reduplication the normal number of thn 
circles is not altered, aud the reduplicated parts all lie at equal 
distances from the centre ; whereas, in radial reduplication, the normal 
number of circles is increased, and the distances of the reduplicated 
]>arts from the centre are either increased or diminished. Both forms 
of reduplication may occur in the sepals, the petals, the stamens, and 
the ovary. When both forms occur in one flower, the result is such 
as we see in the stamens of the mock orange, for example, whose 
arrangement we are now for the fu'st time in a position thoroughly to 
understand (comp. Fig. 138 and Fig. 139). 

Peculiar Variations and IiTegvIarities in the Diagram, — 
Hitherto we have only spoken of tri-, tetra-, and pentamerous 
diagrams, but it must be remembered that besides these we have 
also forms with two and six floral members on a circle, t.e., di- and 
hexamerous diagrams. These, however, are so rare that in a text- 
book of such limited scope as this they may fittingly be omitted. 

Further, we sometimes meet with diagrams in which the 
number of parts in the individual circles differ. This is to be 
regarded simply as a variation of one or other of the original 
types dependent upon peculiar circumstances in the develop- 
ment of each circle, and not as a separate form. This subject 
has been already referred to ; for an example see Fig. 142. 

Finally, we must note that sometimes we find a certain floral 
member not lying on any of the ordinary radii or inter-radii of 
the type, but on a special radius of its own. Such cases are 
rare, however, and will be treated of further on. 

Principles of Classification. 

Most of the different plants and animals in the world have 
been submitted by botanists to a searching scrutiny, with the 
result that although certain classes may be different, there ate 
yet certain points of similamty characterising whole species, 
certain points of dissimilarity distinguishing them from others. 
Every one will admit, for example, that the sweet violet and the 
pansy are more alike than the pansy and the dead-nettle 
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(GftUecpsis), or that the dead-nettle and the hemp- nettle (see Fig. 
86^ also Figs. 1 89 and 192), are more alike than the hemp-nettle 
and the pansy. 

In this way plants and animals have been damfied according 
to their greater or less resemblance to each other. This classifi- 
cation has been so arranged that in the vegetable kingdom, with 
which we have here to do, those plants which agree in the 
greatest number of points have been placed nearest each other, 
those which agree in the fewest, farthest away from each other. 

The classification of all plants a^ccording to their points of 
similarity is called Systematic Botany, 

Before entering on the study of the principles of classification 
in either botany or zoology, we must first get a distinct idea of 
what is meant by a species (of plants or of animals). 

To define species is no easy task : we shall best be able to 
understand its meaning if we take a few examples. 

As every one knows, the young organisms produced by a 
particular animal or plant all possess many points of similarity, 
although they are never exactly alike. For example, we should 
never mistake the young of the cat for the young of any other 
animal, because all possess in common certain distinctive 
peculiarities which we always associate with the animal in- 
dicated by the term " cat." At the same time we are always 
able, by differences in colour, marking, and so on, to distinguish 
the individual members of such a group of similar animals one 
from another — that is to say, we discover among them many 
points of dissimilarity. If, however, we compare the points of 
similarity with the points of dissimilarity, we shall find that the 
former far exceed the latter, and that the disagreement only 
occurs in certain minor particulars. The excess of points of 
similarity over points of dissimilarity is so apparent, that we 
should never hesitate in classing these young animals as cats, 
even if we did not know that they were the offspring of the 
same animal. The same applies to the horse, differences of 
colour, size, and strength in the individual never being capable 
of misleading us as to the species of animal he belongs to. 

Nor is it otherwise when we come to plants. The different 

sorts of pansies in our gardens would never be mistaken by any 

one for any other flower, although they present the utmost 

variety of colour and size. (These varieties are the result of 

long years of cultivation of the common wild heart's-ease). 

6 
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We may, therefore, define species as follows : — By " species " 
toe understand the total number of individuals, whether animals 
or plants, which do n4>t differ from each otJter any further than do 
the offspring of a single individual, animal or vegetable, 

A greater or less number of species having certain distinguish- 
ing features in common is called a genus. This, too, can best 
be shown by an example : — The horse, the ass, and the zebra 
are animals which may be distinguished from each other at a 
glance. If now we leave the points of difference out of account, 
and concentrate on the points of agreement, we shall find that 
these three animals resemble each other in a number of ways. 
All have almost the same formation of skull, twelve front teeth, 
four side teeth, and twenty-four back teeth, while in each only 
one toe (the hoof) is fully developed, &c. &c. These points of 
agreement are such evident proofs of relationship that they 
justify us in classing these animals together in one genus 
(horse). In like manner the cat, the lion, the tiger, the leopard, 
the lynx, &c., form one genus (cat), and the dog, wolf, fox, and 
jackal, another (dog). 

In plants, e,g., the pansy, the sweet violet, and the dog violet 
belong to one genus (violet), for although these three species 
seem to be distinct from one another in size and colour, and in 
the shape of the leaves, yet the form of the flower, the arrange- 
ment of the petals, the formation of the capsule, the placentation 
of the seed, and so on, are so much alike that we must regard 
the flowers as belonging to one genus (violet). 

From what has been already said, it follows that the meaning 
attached to the word genus is somewhat arbitrary, and depends on the 
degree of importance which one attaches to the various points of 
agreement between different species. As, however, the genus is a 
necessary item in the classification of natural objects, its limits have 
for long been prescribed, at least in the case of the better known 
animals and plants. 

On the clasRification of animals and plants into genera and species, 
the prevailing zoological and botanical nomenclature depends. It was 
first introduced by Linnaeus about the year 1735. All the scientific 
names used in botany and zoology are derived from Greek or Latin. 
Greek words, when used for this purpose, are Latinised.^ The 

^ £zampl(9. — The fuU botanical name of tho anemone w Aitemone nemoromt. 
The plant had already been called Antmone Uimtmia (growing in the meadows) by 
Theophrasti», and Pliny intnKluced the term into Latin (Hif<t Nat XXI., U). 
Alffttunit in another caM, wan the T^tin form of the Greek Alj/Mon^ Origanum of 
Orriffanon, kc. 
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reason of this is that we may suppose students of botany and zoology 
to have some acquaintance with Latin ; and that^ therefore, whatever 
may be their native tongue, Latin names will be understood by all. It 
would be utterly impossible for any scientist to be familiar with all 
the common names of the various plants and animals in all the living 
languages, yet this would be necessary (were there no general medium 
of expression) for the study of zoological or botanical works in the 
various languages. Latin affords this general medium, and the Latin 
names of animals and plants are tlierefore those used in the scientific 
world, no matter what may be those used popularly in England, 
Germany, France, or Italy. 

Linnaeus named genera as well as species in this manner ; we have 
therefore generic and specific names for all plants and animals. In 
order to give a scientific name to any organism, we place the name of 
the genus before that of the species, so that animals and plants may 
be said to have, like man, a Christian name and a surname. The 
genus horse is in Latin Equus^ the species horse cabaUus ; in zoology, 
therefore, the horse is known as Equus cabaUus, 

The Linnaean method of. naming animals and plants is termed the 
double or binomial system of nomenclature. Here are some examples : — 



ANIMALS. 

Gknub — Horse, Eqava. 

1. Species — Horse = Equus cabaQuA. 

2. ,, Ass = Eqmit annus. 

3. ,, Zebra = Equua zebra. 



PLANTS. 

Genus— Violet, Viola, 

1. Species — Pansy = Viola tricolor, 

2. 

3. 



M 



Sweet violet = Viola odorata. 
Dog violet = Vicia canina. 



GxNUS — Dog, Cani$, 

1. Species — Dog = Canis familiaris. 

2. „ Wolf = Oanit lupus, 

3. ,, Jackal = Cants aureus, 

4. ,, Fox = Canis wipes. 



Genus — Poplar, Populus, 

1. Species — White poplar =PoptiZu« alba. 

2. „ Aspen = Populus tremula, 

3. „ Black poplar = Populusnigra. 

4. „ Pyramidal poplar = Populus 

pyramidalis. 



Genus — Cat, Pelts, 

1. Species — Cat = Eelis eatus, 

2. „ Lion = Fdis leo, 

8. „ Tiger = Fdis tigris, 

4. ,, Leopard = Fdis pardus, 

5. „ Lynx = Fdis lynx, • 



»» 



Genus — Plum, Prunus. 

1. Species — Sloe = Prunus spinosa. 

2. „ Cherry = Prunus cerasus, 

3. „ Bird Cherry = Prunus avium, 

4. „ Damson =PruRiM domestiea, 

5. „ Apricot = Pru7iitf armeniaca. 



»» 



In like manner several Genera are united to form a Family, 
several Families to form an Order, several Orders to form a 
Class, several Classes to form a Type, and all Types to form a 
Kingdom (animal or vegetable). 

In the following table the greater the division the nearer it 
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stands to the left side of the page, and the larger the type in 
which it is printed : — 

KINGDOM, 

TYPE, 

CLASS. 

ORDER 

FAMILY. 

OBNUS. 

sPBCin. 
Examples, — The Lion (PdU Leo). 

Kingdom — Animal Kingdom {Anitnalia). 

Ttpe — AnimalB with backbone ( Vertebrata), 

Class — Animals which suckle their young {Mammalia). 

Order — Beasts of prey {Camivora). 

Familt — Cat-like beasts of prey {Felidce). 

Genus— Cat (Fe/u). 

Species — lion (Felia Leo). 

SYSTEMATIC ARRANGEMENT OF THE HIGHER 

PLANTS. 

In the following remarks we shall confine ourselves solely to 
the consideration of the higher plants, namely, those which have 
flowers consisting of floral envelopes, stamens, and ovary. These 
are termed Fhanerogavui or Flowering Plants, Of the lower 
plants, t.e., the fungi, algtT, mosses, ferns, horse-tails, and even 
conifers, we shall at present say nothing. Their structure is 
much more difficult to understand, and may therefore be more 
appropriately examined when our knowledge is somewhat more 
extensive. — (See Part V.) 

No phanerogams are altogether without flowers, but in many 
they are so small that they can only be seen by the aid of a 
lens. 

It was formerly suppased that some' plants had no reproductive 
organs, hut research has proved this to be incorrect. Linnaeus even 
went the length of paying tliat all plants whatsoever must have flowers 
and fruit, even those in which the most improved optical appliances 
have as yet been unable to discover any. ^ 

' Linneus sayn — " Omnin Kpecies ve^etabilium flor« c*t fnictu inHtniitur, etiare 
ubi vinus eoN non detexit." 
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Monocotyledons and Dicotyledons, — In the seed of every phane- 
rogam there is, as has been already said, the germ of a new 
plant, which has either one or two seed-leaves (cotyledons). 

All plants having only one seed-leaf are tei^med Monocotyledons; 
all plants ?iaving two seed-leaves are termed Dicotyledons, 

As all phanerogams have either one or two seed-leaves, it 
follows that the division of plants into monocotyledons and 
dicotyledons is of the greatest importance. Of course, the best 
way to find out whether a plant is a monocotyledon or a dicoty- 
ledon would be to plant one of its seeds, and see whether one or 
two leaves appeared when it began to grow. Owing to the 
circumstances of the case, however, this is very seldom possible,, 
so we have to resort to other means in order to obtain the 
necessary information. An experienced botanist may examine 
the embryo with a lens, and thus be able to discover the number 
of cotyledons it contains, but in very small seeds such examina- 
tion is accompanied by extreme difficulty. 

Without going to the seed, however, there are certain 
characteristics distinguishing monocotyledons from dicotyledons 
which are easily recognisable. These are as follows : — 

(1.) The flowers of monocotyledons are nearly all arranged in 
whorls of three, the dicotyledons in whorls of five or four. 

AU our indigenous monocotyledons have trimerous flowers with the 
exception of Smilacina Mfolia, Paris qtuidri/olia, and a few others, 
whose flowers are tetramerous. The greater proportion of dicotyledons 
have pentamerous flowers, but tetramerous flowers are not unusual. 
Trimerous dicotyledons are almost unknown in this country. 

(2.) The leaves of monocotyledons have parallel venation, 
those of dicotyledons are reticulated. 

The leaves of our indigenous monocotyledons are always simple. 
The veins usually spring from one point at the base (Fig. 50), and 
run parallel to each other through the length of the leaf, or they have 
a strong midrib (Fig, 33, a) from which secondary veins arise. In the 
latter case the veins of the third order run parallel to one another, and 
do not form an irregular network. 

The leaves of dicotyledons may be either simple or compound. 
Branches are always given off from the midrib, and the small veins 
form an irregular mesh work (Fig. 23, a.) By this latter feature 
we are able to distinguish the leaves. of such a plant as Plantago 
majoTy where the principal veins all arise near the base, as those 
of a dicotyledon. 
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Type I. 
MONOCOTYLEDONS. 

Monocotyledons are plants which have only one seed-leaf. 
Their flowers are arranged in whorls of thru (occasitmaltff four), 
their leaves are mostly simple, tfuir venation parallel. 

The most common form of flower is the regular triinerou3 one, 
which is thus the fundamental type on which all monocoty- 
ledonous flowers are constructed (Fig. 154). It has two floial 
envelopes, whose parts are arranged alternately, and are some- 
times wholly or in part united, in which case the flower has a 
six-toothed rim (Fig. 155). It has six stamens arranged in two 
whotls alternating with each other, and with the parts of the 
floral envelopes ; the ovary is three-celled, the cells opposite the 
sepals and many-seeded, the seeds arranged in two rows (Fig. 156). 




Fio. I5i. Flo. 155. 



Flnntl diagnuii of KlowerotrooDoootylMlun 



(bell hyacinth, 

cjf nKjnocolyleilor, rarrmmam); pvt« ., 

with two whorls uf floni CDvciup<.-scuftI(»c«]. about >ii time* 

VuriatioiiB from tlie fiudameiital monocotyledonous type may occur 
II the following ways i — 

1. Ily suppression of one or both floral envelopes ; 
'2. Ity suppression of one staniinal whorl, or of both, with the 
e\i.'option of oni- or two members ; 

3. By reduplication of stuinens ; 

4. Ity deveiojimont of Einglc-eecdcd cells in ovary ; 
r>. Ity (lovolopmetit of sint^e-soeded ovary ; 

ti. Ity reJuplicaliuu ul cells uf nvary or of oao-Medod ovary. 
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Variations which inay come under 1, 2, and 5 have usually the result 
of producing a symmetrical flower. 

The flowers stand singly on the stem, or form a spike, a 
panicle, a spadix, a raceme, or a loose corymb. 

The fruit is a capsule, berry, nut, caryopsis, or achene ; and 
may be six, four, three, two, or one celled. 

The stem of all our indigenous monocotyledons is herbaceous, 
sometimes jointed. Monocotyledonous trees (palms, dracsenas) 
are only found in the tropics. 

The leaves of indigenous monocotyledons are parallel veined, 
simple, narrow, linear, or sword-shaped, lanceolate, ovate, never 
compound. (The palms fonn the only exception to this last 
statement.) 

The root is formed only of secondary rootlets. The growth of 
the primary root is arrested soon after the seed has sprouted. 

Monocotyledons are to be found in all parts of the world. 
There are about 19,000 species known. 

Key to Orders of Monocotyledons. * 

I. Floral envelopes large, usually forming a perianth. 
Fruit usually a capsule. 

A . Flowers regular or symmetrical, with three or more stameDS. 

a. Ovaries many, or one and six celled ; flowers j 1. Helobia or 
mostly unisexual, } Marsh Lilies. 

6. Ovary single, with not more than four cells, 
flowers hermaphrodite. 

1. Ovary mfenor, .... j gwoED Lilies. 

O n».»„ o«r^«-«« i 8. COBONABIiS 

2. Ovary superior | ^^ j^^ 

B, Flowers symmetrical, stamens one or two, . • 1 *' o^O^iof 

II. Floral envelopes small and scale-like, or absent ; fruit 

never a capsule. 

( 5. Spadici- 

A, Inflorescence, a spadix, surrounded by a spathe, . < FLORfi or Spa- 

I dix-Flowers. 

I Q Gldmacea 

B, Inflorescence, a spike, panicle, or loose corymb, with- 1 ' ^^ Glume 

out a spathe. ( Flowers. 

1 Compare table at the end of the book. 



MONOCOTYLEDONS. 



'^J 



Helobi^ or Marsh Liues. 

The marali lilies (Helobia^) are monocotyledons, with large 
regular flowers. The calyx is composed of three greenish or 
brownish sepals, the corolla of three white petals (in Bulomvs 
umbellalui both sepals and petals are bright pink). Stamens 
six or many ; ovary either simple, six-celled and many-seeded, 
or ovaries many, one-celled, one-seeded ; fruit, a dry capsule or 
achene ; flowers seldom ^ , usually monrecioua or ditecious ; in- 
florescence, a loose panicle, or flowers standing singly, with two 
scale-like bracts at the base of the stem (Fig. 157); leaves 
simple, sword-shaped, elongated, lanceolate, 
sagittate, or reniform ; the base of the leaf- 
stalk embraces the stem like a sheath ; stem 
angular, often spongy internally, sometimes 
very short. 

The mareh lilies abound all over the world ; 
they are found in marshy spots ; many are 
water plants with submerged or floating leaves. 
They are divided into three orders : — 

(1.) Alismacca. — Calyx green; petals white; 
stamens six or many ; ovaries numerous, 
superior ; flowers hermaphrodite or moncc- 
cious (Figs. 158, 159); fruita numerona, 
crowded together, forming a rounded aggre- 
gate fruit, each part a one-seeded achene of 
triangular shape (Figs. ICO, 161). — [50.]* 

The Alisniiicc.-c arc small, annual herbs, which 
grow in shallow water, with leaves and flowers 
nlrave the surface. They are found in the 
Northern Hemisphere, in Central and South 
America, North Africa, and New Holland. In- 
digeuoui^ to thiu country, Alumu (hcrmBphrodit« 
flowers with six ataraens) and S-igitturin (mona'- 
ciouB Howcrs with numerous atanions). 

(2.) Buiomca: —Floral envelopes similar, rose pink ; stamens 

' PlanU which grow in nunhj (pota (Ur. Ariu, > bog ; Um, Ufa). 

* Nunben (tMidiiig thiu { 1 >t tha and ut tha dvcriptiun of «i onlar Kra 

tended to indiola approiinuktel; tha numher of knuwo •pecira. 
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nine in two whorls (6 + 3) ; ovaries six, each many-seeded (Fig, 
162), superior ; fruit capsular ; flowei-s in umbels, ij . — [13.] 

Petennial nmtah plants, with ehort stems and long, Bword-eliapecl, 
atiff root-leaves. Inflorescence borne at end of a long leafless stalk 
(ncape). Found in Tropical and Central America, where we have 
several genera with green sepals. Our indigenous genera of BtUomew 
are found throughout the temperate regions of both hemispheres. 





Fio. 168. Fio. 159. 

AUtma Planlago. Sagittaria tagittafUia, J and S . 

(3.) HydroeliaTidecc. — Calyx green, herbaceous ; petals white 
(Fig. 157) ; stamens twelve or numerous, united or free ; nine 
to fifteen barren, i.e., without anthers. Ovary inferior ; incom- 
pletely six-celled and many-seeded, with six divided stigmas 
(Fig, 163). Flowers moncecious, the ? with six or more 
barren stamens. Fruit in the foi-m of a berry. One or several 
flowers are enclosed in two membranous or leaf-like bracts, 
growing at the base of the flower-stalk. — [30.] 




Fig. IliO.— AiTOiiTliead {Sagi . . 

mu. Fig. 161,— Arrowhead {SagillaTia v^iUafdia) 
(II.), the ascond enlarged. 



Fio. 181, 
KujiUafvlia) ; male and female flowsn ; d 



M (I.) and single fruit 




^^ 



Via. 162. Fig. 1S3. 

BalomMM tmiMlaia*. HgdrociarU MontiM rana. 

Perennial water-plauta with shortened stems and submerged or 
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floating leaves. Hydrocharis Morsus ranee is confined to Europe (leaves 
floating, reniform) ; so also is the water soldier {Straiiotes cJoides) 
leaves submerged, linear, spinous-dentate. Other genera occur in 
North America, Africa, Australia, and Southern Asia. Of late years an 
American species, AnacharU camidefufis, a small plant with incon- 
spicuous flowers, has made its way into many European lakes and 
canals, where it threatens to interfere with the navigation. 

11. 

Ensat^ ^ (SvvoKD Lilies). 

The Ensatce or Sword Lilies are monocotyledons with lai^ 
regular (occasionally slightly symmetrical) flowers. Floral 
envelopes of six parts, all brightly coloured, either separate or 
partly united. Stamens three or six. Ovary inferior, three- 
celled, one or many seeded. Fruit, a capsule. 

Land or marsh plants with tubers or bidbs ; stem frequently only 
leafy below ; leaves mostly stiff*, simple, and sword-shaped, partially 
embracing the stem. Two orders. 

(4.) Iridacew. — Floral envelopes forming a perianth, of six 
parts (the outer envelope often very unlike the inner), regular, 

occasionally slightly symmetrical Stamens 
three, placed opposite sepals (inner whorl 
undeveloped. Fig. 164). Ovary three-celled 
and many-seeded, with three more or less 
united styles ; the three stigmas often petaloid. 
—[600.1 

Fio. 164. •■ -^ 

Yellow iris (/m Indigenous to the warmer parts of the Temperate 
pttud'OccTus). Zones of both hemispheres ; especially abundant at 

the CajM?. In this country many 8])ecie8 are cul- 
tivated, and the yellow iris {Iris ^^eud-aronus) grows wild in marshy 
spots. The crocus and gladiolus also belong to this order. 

(5.) Aviaryllidacae, — Floral envelopes forming a perianth of 

six parts (occasionally united, and sometimes with 
outer unlike inner), always regular, sometimes 
with a corona. Stamens six, in two whorls of 
three each (Fig. 165). Ovary three-celled, and 
one or more frequently many seeded, with united 
Fio. 165. ^^y'® ^°'^ stigma.— [400.] 

Snowdrop [GaU'^ Warm, tempemte, and tropical regions ; the snow- 
tku9mvalu). jj^p ^QalatUhus nivalis)^ the snowflake (Leucojum 

' LoAveb »MruiU*Uk« (Latin, run*, a swnnJ). 
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vernum), and the narcissus {Narcissus pseudo-narcissus) are familiar 
flowers of this order. Amaryllis and American aloe {Agave Americana) 
are favourite greenhouse plants of this order. The Bromeliacece (pine- 
apple family) are related, but we have no representatives in our flora. 



III. 

CoRONARLffi (Lilies). 

The Coronariw^ are monocotyledons with large and con- 
spicuous perianths, or small dry membranous fioral envelopes, 
arranged in one whorl of four, or more usually in two whorls of 
three or four parts. The flowers are regular ; parts of the perianth 
separate or united (Fig. 66, Fig. 67 a). Stamens four, six, or 
eight. Ovary superior, one, two, or three celled, three or many 
seeded. Fruit, a capsule or berry. 

Mostly perennials with bulbs (Fig. 3 a, Fig. 14 a), rhizomes, or tubers; 
stem frequently leafless,, except at lower part (scape). Leaves simple, 
mostly narrow, sometimes grass-like. Two orders. 

(6.) LiliacecB, — Perianth large, petaloid, with six, or, rarely, 
with four or eight parts ; ovaries two, three, or four celled, few 
or many seeded (Figs. 1 66-168) ; fruit, a capsule or berry. Leaves 
usually grass-like. — [1 600.] 








n 



{ CCD» ^ 



Fio. 166. Fig. 167. 

Tulip {T%dipa Parit qyadrifoUa, 
Oeaneriana), 



Fig. 168. 
Smilacina btfolia. 



The lily order, which comprises a large number of genera, is 
scattered over the surface of the globe ; it is abundant in the warm 
temperate regions of both hemispheres. Its members are mostly 
herbaceous {e,g.f all our indigenous species), seldom tree-like, its most 
tree-like representatives being the dracaenas of the East Indies and 
the Canaries. 

* From corona^ a crown. 
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Families of LiLiACEiE. 

I. Fruit a capsule^ flower with parts in threes. 

A, Floral envelopes united, with six-toothed rim. 

a. With tuberous or fibrous roots ; f niit mostly 

many-seeded, . . . 1. Day Lilies. 

h. With bulbous roots ; fruit few-seeded, . 2. Hyacinths. 

B. Floral envelopes free, or very Hlightly united. 

a. Fruit a capsule ; cells few-seeded, 3. Lekks, &c. 

6. Fruit a capsule ; cells many-seeded, 4. TuuFS. 

II. Fruit a berry ; flowers with parts in threes or fours ; 

parts of the perianth free or united, 5. Aspabaqus, &c. 

(1.) Day LUies (Hemerocallidce). — We have no species of this 
family indigenous. Many species have, however, been introduced as 
greenhouse or garden plants, e.g., HemeroralliSj with yellow or orange- 
coloured flowers, A(japanthiL8, with blue flowers growing in simple 
umbels on a long stalk, and Funkia, with broad leaves and bright lilac 
flowers. (2.) Hyacintlis {Hyacinthece). — Examples of this are the well- 
known common hyacinth {Hyficinthtut orieniafis), and the bell hyacinth 
(Muscari racemofsum. Fig. 109 a, and Fig. 155 a). (3.) The Leek 
family {Scillece), — The leek and onion genus {Allium) is especially 
important as articles of food. Besides, we may note the beautiful blue 
flowered Scilla, a favourite garden spring flower, Gayea, and Ornxtko- 
(jalum (star of Bethlehem). (4.) Tulips (Tulipce). — Examples, tulips, 
lilies, and fritillary (Fritillaria imperialis). (5.) The Asparagus family 
{Smilaceie). — These are plants with parts in threes or four ; in threes 
— asparagus (Asparagus officinalis) ; in fours — Smilacina hifolia and 
Paris quadrifolia. 

(7.) Rushes {Jancaccce). — Perianth small, parts dry, membran- 
ous, brownish, not brightly coloured, in threes. Ovary three 
or one celled, many-seeded or three-seeded. Fruit a three- 
valved capsule. Leaves grass-like. — [250.] 

Small grass-like herbs, >vith jointed, simple, or branching stems, and 
scaly rhizome. Common throughout the worhl, especially in the 
Temperate Zones — rarer in tlio Tropics ; represented even in the Polar 
regions. Juncus and Luzula are our commonest genera. 



IV. 

Orchids {Gyiunuira). 

The Orchids {Gynamlrcc) are monocotyledons with conspicuous, 
beautifully coloured, symmetrical flowers. Floral envelopes 
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double, trimeroas ; calyx and two petals form a casque-sliaped 
upper lip (a, I, c, e, f. Fig. 1 69), the third petal (rf) unites with two 
stamens (/ 1), forming the large winged 
laiellum. Ovary (g) inferior, usually 
elongated and twisted, whereby it 
happens that the uppermost petal (the 
labellum) is the lowest part of the 
flower, the sepal diametrically opposite, 
the highest. Of the stamens (s) usually 
only one is fully developed (in Cypri- 
pedium two); filament confluent with 
the style, anther has two pollen masses. 
Ovary three-valved, one-celled, and 
many-seeded, seeds minute, and at- 
tached to parietal placentie. Fruit, a 
capsule. Leaves simple. Fio, igg. 

(8.) {Orchids) Orehidacece. — Characters 
as above. Of this order we have several 
dozen species. All the native species are herbs growing i; 
marshy places ; height 4 to 25 inches. Numerous .species occur in the 
Tropics, where they exceed all other plants in the size, peculiarity, 
and splendour of their flowers. Many grow on the branches and 
stems of trees (Fig. 10), others have a climbing stem with nerial 
roota like the ivy, and grow upon rocks, &c, e.,7., the vamlla(F'aniHa 
plam/olia) of Central America. From the long siliqua-liko capsule 
of the latter the well-known aromatic spice is obtained. 

Indigenous genera are Orchid, Opkryu, Ntoltta, Cephalanfhta-a, and 
Ci/pripedium, or lady's slipper, — [ca. 6000.] 

Connected with the orchids are the Seitamineie, 
of which order the bananas (Miuaeeee) are members. 
Afvsa aapieTiiitm and M. pttrwliaiaea are species to be 
met with everywhere in the Tropics. Ginger also 
belongs to the Seitaminem, the ginger in common use 
being the root of Zingiber officinah. From the root 
of Chircuma hnga, another of the ScUatninear, we Fio. 

obtain a kind of arrowroot. The last order connected oreltii m 
with the orchids which we need mention is the 
Marantactte, to which l>elongs the much cidtivated 
Cnnna. 



□ woody ( 
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SrADICIFLOILe. 
The Spadieifiora ' are monocotyledons with floral envelopes 
either absent or small ; perianth when present with four or six 
parts; ovary superior; flowers united to form a fleshy spike 
(spadix). In Fig. 171 the flowers are {J and?; the former 
are shaded darker, and consist of four large anthers ; the latter 
consist of a four-celled ovary surrounded by a perianth of 
four thick short parts. lu some species all the i flowers are at 
the summit, all the 9 at the base of the spadix ; in others, again, 
the flowers are scattered irregularly. 
The spike is oft«u branched, e.g.. in the 
palms. The whole inflorescence is en- 
veloped in a lai^e bract or spatha, green 
in the palms, hut petaloid in other 
species {AractoB). Fruit, a nut or l>erry. 
f-'liiefly tropical ; often large trees with 
unbranched trunks and beautiful pin- 
nate leaves. Home species mere herbs. 
Two ordei's : — 

(9.) Aritws (Arnefw). — Flowers her- 
maphrodite (Fig. 173) or monoDcious 
{Fig. 172) ; when montccious ,J often 
placed above ?. Inflorescence, a spadix 
thick and fleshy, the summit fre- 
quently without flowers ; surrounded 
at the base by a simple bract (Fig. 46) ; 
bract occasionally united throughout 
its entire length to spadix (Fig. 172, 
I.) ; floral envelopes usually absent, 
or with four or six parts, scale-like. 
When perianth is present the number 
Swtdixntni-peciBHuf /'niH/n °^ staHiens corTespouds to thatof the 
norm {Carludarim ilooktri) parts of the pcnaulh ; where the 
wm, i and ? flower. : n»t perianth is absent the stamens are 
arranged around a disk supported on 
a column (Fig. 172, IT); ovaries (Fig. 172, III,) free, three or 
one celled, one or many seeded; fniit dry or a fleshy berrv. — 
[750] 
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The Aracece are conspicuous, sometimes large herbs, with 
shiny, broad, often sagittate, more rarely incompletely pinnate or 





Fig. 172. 

Spathicarpa, a South American species of AraceaSf showiug 
bract adnateto spadiz. — I. Inflorescence, nat. size ; II. S ; 
III. flower 9 , eight times enlarged ; s bract> t column, j9 disk, 
b anther, /ovary, g knob-like prominences on ovary. 

palmate, leaves (Fig. 33). The bract is usually bril- y ^ v 

liantly coloured, rarely green {Spafhicarpay Arum), f ^ \\ 

frequently white {Richardia a/ricana), bright red 

{Anthuriuvi Scherzerianium), yellowish (Moudera), 

&c. The Spadiciflorse are mainly natives of the 

tropics, commonly found growing in marshy spots. 

Some, like many orchids, grow on trees. Two ^^^* ^^^' 

famUies :— ^ ^^"' Calamut. 

(I.)- Arums (Aroideie). — Flowers dioecious. Land plants. Arum 
maeidatum (native species). — Lily of the Nile {Richardia africana\ a 
common greenhouse plant, Spathicarpa^ &c. 

(2.) Orontiie (sweet-flags). — Flowers 9 ; Land and marsh plants. 
M&Tsh caHhi {Calla palustris) and Acorus Calamus (sweet-flag). The 
rhizome of the latter is large, greenish, scaly, and strong smelling ; it 
is used in medicine. 

The LeinnacetB are sometimes reckoned as a third family. They are 
small plants, which float on the surface of water, and seldom flower. 
Lemna minor, gihba, polyrhiza, trisidca (home species). 

The Pandanacece and Cyclanthacece of the tropics are nearly related 
to the Aracece, These are tree-like plants, with pinnate or sword- 
ahaped leaves, a straight unbranched stem, roots also little branched, 
and partly above ground. Fig. 171 shows a full-sized spadix of one 
of the Pandanacece (Carludovica Hookeri). 

(10.) Palms (Principes). — Flowers small, unisexual, with 
double perianth; both whorls similar, stamens six (rarely 



112 



MONOCOTYLEDONS. 



niunerous), free or united ; ovary superior, having three carpels, 
each cell one-seeded ; frequently, when mature, with only one 
cell and one seed fully developed. Inflorescence a branched 
spadix, thickly covered with flowers, and enclosed by several 
green bracts at the base (s, Fig. 174) ; fruit a nut (Fig. 175) or a 
berry ; one or two seeds (Fig. 176).— [1000] 

The palms are mostly higli trees with unbranched, occasioDalty 
branched (Hi/phiene th^nica) st«mB, which bear at their summit a 




Fio. 174. Fia. 175. 

Fig. Uf.-ScuJI sp*dixof K pklni [Bonuut JUMUfonRu]. 
Fig. 175.— Nut of »go-p*lia (Sajut Bumfhii); thrre> 
fourths luit. me. 



crown of sevural or many lai>!e lenveR (see Fig. IT). The stem is 
covered through ita entire length with the scars of the leaves of former 
years. The stem is sometimes not cylindrical, bnt 
4 thicker at the miildle than nt cither end {Oreo- 
• g^ % \ ilora reijia, Julura »ptctaliilif} ; it grows straight 
\V0 J upwards, or is chiubing {Culamun eqvaitrig, Spanish 
cane). The leaves arc very lai^, either pinnate or 
pinnately cleft (cocoa-palm, Cufot nuei/era ; angar- 
Fio. 176. palm (Aretiiia torch ari/ern) ; palmate (LivUtima 
DUgnuDof pkln o^mlralis, Chamten-jis humilit) or simple {Lodoicea 
flower. Henn*- ikyrheUarum). The fruits are nuts (cocoa, Sey- 
T'>'o<i<(«- chellcs-palm) or berries (date-palm). The nuts of the 

sago-palm are covered with haitl, rrgular, wowiy scales, for which 
reason this group is termed Lepitiornrpnt, or scaly-fraited palms. 
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The palms are almost exclusively confined to the Tropics, ChamcB' 
rope humilis being the only species found wild in Europe. It extends 
as far north as Nice, where it fonns a thick underwood; it grows 
plentifully in the more southern part of the course of the Ebro. The 
uses of the palm are manifold : the fruit, the seeds, the young sprouts 
of many species are used as food ; from others wax is obtained {e.g., 
the wax-palm, Ceroxylon andicola, whose stem is covered with a 
thick layer of wax, which may be scraped off and prepared for use), 
or oil {e.g.y the oil-palm, Elais guineensis, from which we get the red 
palm oil), or again, sago from the pith (sago-palm, Sagus Eumphii, a 
native of the East Indies) ; from the sap, which flows from the trunk 
when the latter is tapped, an ihvigorating drink is made (wine palm, 
Oenocarpus disttchus, Raffia vim/era). The thin flexible stems of the 
rattan palms are well known as " Spanish canes," while the hard 
endosperm of Phytdephas macrocarpa of South America is used as 
a substitute for ivory. From Ccdamus Draco ^ an East Indian species, 
a kind of dragon's blood is obtained — a red resinous substance con- 
tained in the fruit, and which, when extracted, is dried for use. The 
large leaves of many species are used by the natives of the tropics to 
cover their huts, and as a substitute for clothing, and so on. 



VI. 

GLUMACEiB. 

The GlumacecB are monocotyledons in which the floral envelopes 
are either absent or very small and husk-like. If the floral 
envelopes are present, the parts are bristle-like, six bristles or 
two, small and scale-like. Flowers arranged in spikes, panicles, 
or loose corymbs (Fig. 114, II.); usually hermaphrodite; 
sometimes monoecious or dioecious ; they do not possess coloured 
bracts. Ovary superior. The fruit (Fig. 122, a) is a simple 
one-seeded caryopsis or achene. 

The Olumacece are grass-like herbs, with inconspicuous greenish 
flowers, narrow, linear leaves, which embrace the stem like a sheath, 
a cylindrical or triangular jointed stem, and a fibrous root. They are 
found imiversally from the Equator to the Poles. Two sub-orders : — 

(11.) Grasses (Graminece). — Flowers small, outer perianth 
absent, inner two (lodiculce), thick, whitish, or ; stamens three 
(occasionally many, six, two, or one); ovary one-celled, one- 
seeded, composed of two carpels (Fig. 177) (rarely of only one 
or of three;, bearing two large, white, feather)'' stigmas. Each 
flower is protected by two bracts or " flowering glumes," the palece 
(c d. Fig. 146 a), the outer usually awned, the inner two-nerved. 

H 
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The flowers are arranged in spikeleta of two (comp. Fig. 146, L) 

or more, which have two bracts or "glumes" (a b) at their 

.<:•::>. bases. The spikelets again are arranged so as to 

form spikes or panicles, so that the panicle of 

such a grass as rye is said to be compound. 

The fruit is a grain, smooth or furrowed 

longitudinally (the furrow shows the line of 

Fio. 177. coalescence of the two carpels) ; the seed is in- 

Diagram of separable from the pericarp (caryopsis). The large 

grass- ower. quantity of albumen renders the fruit extremely 

nutritious ; hence the importance of the grasses as articles of 

food.— [3800.] 

The grasses aie universally distributed, extending as far north as the 
utmost limit of vegetation, but chiefly characteristic of the Temperate 
Zones. With us they are herbs ; in the Tropics they not rarely assume 
the proportions of trees (e.g.y bamboo grasses). They are either 
annuals or perennials. The stem is round, hollow, and prominently 
jointed ; the leaves are narrow and linear, and have each a ligule at 
their base (Fig. 44, k). The uses of the grasses as food for man and 
beast are well-known. The most important grasses of cultivation are 
rice {Ort/za sativa), maize {Zea Mais), millet (Panicum miliaceum), 
durra (in Arabia durra, in the Soudan ngdngala, Sorghum vtUgare), 
oats (Avena mtiva), rye {Secede cerecde), wheat {Triticum fndgarCy 
Spelttty dicoccumj iurgidum, and ittonf)€Occuffi\ha,Tley (Hordeum vulgare^ 
Zoocriton, distichumy hejrnstichum). Sugar is obtained from the sugar- 
cane, a grass reaching a height of about ten feet, originally indigenous 
to Asia, but now largely cultivated throughout the Tropics. The 
sugar is contained in the sap of the plant. Just before it flowers the 
stem is cut and the sap is extracted by pressure. The .more 
familiar wild grasses are rye-grass (Lolium perenne), the poisonous 
darnel {Lolium temiUentum), Phleum, Alopecurus, Dactylisy Bviza or 
quaking grass, Bwmus (Fig. 144, II.) Fcstucay &c. 

(12.) The Sedges {Cypcraccce), — The flowers are hermaphrodite 
or unisexual, monoecious or dia?cious. Floral envelopes usually 
absent ; in their place a cup-shaped sac, surrounding the simple 
ovary, or a few or many bristles (Fig. 178). Stamens three, 
inserted below the ovary (hypogynous). Ovary one, one-celled, 
with one ovule, surmounted by one style, having two or three 
stigmas. Fruit nut-like; pericai-p not adherent to the seed, 
as in the grasses (achene). — [2000.] 

The sedges are annual or perennial herbs, with a branched, sheathed, 
and scaly rhizome. Their distribution is universaL Stem jointed, 
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nenally triangular, and leafless, except at the lower end. Leaves long, 
naiTow, and linear, flat or roHndiah. Two famUiee : — 

1. Sedget proper {OancinecB). — -Flowers imiaexual, , • ^ v 
usually moncecious ; represented in this country by the f ^ ^^ ^\ 
genus Carex (sedges) containing about sixty British ^j^ 
species. k ^^ J 

2. Cyperinem. — Flowers hermaphrodite. To this V ^ ^ 
family belongs the famous papifnts of the .^^ 
ancients (Papt^Vi antiguomm), now only to be ^la 17a 
found in the region of the Whit^ !NiIe, and in a f.. , 
particular part of Sicily ; other well-known genera s^m*. 
are Scii-pue (bulrush) and Eriopliorum or cotton 

grass. Cyperua egeulerUtta, a species common in the region of the 
Mediterranean, bears esculent tubers. 



DICOTTLEDONS. 

TKe Dicotyledons are plartis vnth two seed-leaves. Their fitnoera 
are arraitged in whorls of five or fovr {Mg. 179), tkeir leaves are 
simple or compound, their venation reticulated. 

The typical form of dicotyledonous flower la regular, penta- 
merous (or tetramerous), with two floral envelopes, two whorls of 
staniens, and a whorl of carpels, 
the arrangement of all the parts 
being alternate. The members of 
each floral whorl may be wholly 
or in part united. The sepals are 
as frequently united as free, the 
petals among a large section 

of dicotyledons are always un- Regular tettamerom and p 

ited, while the coherence of iag™ms, 

stamens is more rare. Flowers in which the stamens are 
adnate to the united corolla are more common (Fig. 180). 
The number of stamens and carpels is very variable. 

The following are some of the more common modes of variation from 
the fondamental type : — 
Yariations may arise — 

(1.) By suppression of one or both floral envelopes ; 
(3.) By suppression of cither the inner or outer whorl of 
stamens j 
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(3.) By abortion of individual members of the staminal whorl ; 
(4.) By radial or tangential reduplication of the stamens ; 
(5.) By reduction of the number of seeds (one or more) in the 

ovary ; 
(6.) By development of one-celled ovary, or non-development 

of several carpels ; 
(7.) By reduplication of the cells of the ovary, or augmentation 

in the number of ovaries ; 
(8.) By departure of the ovary from the line of the radius 

or inter-radius ; 
(9.) By flowers being dimerous or hexamerous. 

Symmetrical flowers occur more frequently than among the mono- 
cotyledons. Other exceptional forms will be noticed in their proper 
place. 

The forms of inflorescence are very varied among the dicoty- 
ledons ; we may have a spike, a catkin, a raceme, a capitulum, 
an anthodium, a simple or a compound umbel, a corymb, a 
dichasium, a cyme, a scorpioid or helicoid cyme, (The forms iu 
italics do not occur among the monocotyledons, while among 
dicotyledons we never find the spadix, the panicle, or the com- 
pound inflorescence so characteristic of Gramineae). 

The stems of our native dicotyledonous plants are herbcLceous 
(never a culm) or woody, forming a trunk. All our native trees 
(with the exception of the conifers), our shnibs and shrub-like 
plants, are dicotyledons. 

The leaves of the dicotyledons may be either simple or com- 
pound. All our native species with compound leaves are dicoty- 
ledons. 

The root consists usually of a strong, thick primary root (tap- 
root), with a number of much more delicate and slender secondary 
roots. 

Dicotyledons occur in all parts of the world. There are over 
80,000 species known. 

The dicotyledonous type includes such a vast number of 
species, that we shall not proceed, as in the case of the mono- 
cotyledons, to divide them at once into orders, but for the sake 
of simplicity, into two Groups, 

Group I. SympetaL-K. — Corolla always present, conspicuous^ 
with united petals. 

Group II. CuORiPi-rrAL.*! — Corolla usually present, small or 
conspicuous, hut never with petals united. 
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Oroup L 

SYMPETALiE. 

The Sympetalce * have always two floral envelopes, the external 
green (calyx), the internal brightly coloured (corolla) ; the 
individual sepals frequently, the 
petals always, united or co- 
herent. Both whorls are either 
four or five lobed. Only one 
whorl of stamens is present; 
its members (2, 4, 5, 8, 10, never 
numerous) usually opposite the F'<*- 1^^- 

sepals, seldom opposite the Sympetaloiw dico^ledons, with ovaries 
^ . V ^, of two and five carpels. 

petals (primrose). The stamens 

are frequently adnate to the corolla {GorolliflorcR), rarely, like 
the corolla, arising from the receptacle (Heaths). Ovary usually 
composed of as many carpels as there are sepals ; when fewer, 
mostly two (Fig. 180). Ovary occasionally composed of four 
divisions, with a common style. Several or many separate 
ovaries in one flower never occur. — [35,000.] 





Key to Orders of SYMPETALiE.-* 



L Fewer carpels than sepals. 

A, Ovary superior. 

a. Ovary single-oeUed, single-seeded, 
6. Ovary single-celled, several-seeded, or con- 
sisting of four nutlets, each single-seeded. 

* Ovary single, two-oelled, several-seeded. 

1. Corolla regular. 

a. Leaves opposite, 
6. Leaves alternate, . 

2. Corolla symmetrical, 

* * Ovary, four separate nutlets, each 

single-seeded, .... 

B, Ovary inferior or half inferior. 

a. Ovary several-ceUed and several-seeded. 

* Flowers meetly unisexual, stamens partly 

united, 

* * Flowers hermaphrodite, stamens free. 

1. Stamens adnate to calyx, 

2. Stamens adnate to corolla, . 
6. Ovary single-ceUed and single-seeded, 



1. Plumbaoines. 



2. COMTOBTiK. 

3. Tdbiflorje. 

4. PEBSONATiE. 

5. NUCDLIFEBS. 



6. CUOUBBITACBiE. 

7. Campakulacb£. 

8. CAFBIFOLIACEiB. 

9. AOOBBOATA 



^ Greek, «y», together ; peUdon^ a petal 

* Comp. Table II., *' General View of the Sympetals," at the end of the book. 
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II. Carpels of the same number as the sepals. 

A, Ovary Bingle-oelled, flower oorollifloral, 10. PBrnuuNic. 

B, Ovary several-celled, flower thalamifloral, 11. BioOBXES. 

I. 

Plumbagines.^ 

The PlumboffincLcece (thrifts and plantains) are sympetalous 
dicotyledons, with one-ceUed, one-seeded, superior ovary, which 

later forms a capsule or achene. Corolla four 
or five lobed, often deeply cleft, inconspicuous, 
usually dry and membranous. Stamens four or 
V\ KJ /J ^^®* alternating with or opposite to the petals. 
\ ^ ^ / Flowers hermaphrodite (Fig. 181). 

^^- '^^ Leaves simple, lanceolate or broadly ovate; stem 

Fia. 181. undeveloped, leaves often spreading on the ground. 

PUmtago major. Flowers arranged in thick spikes or heads. The 

thrifts are perennial herbs, or half shrubs of the 
temperate regions. Represented by one order. 

(13.) Plantaginacece. — Fruit a one-celled capsule with central 
seed; dehiscence circumscissile. — [210.] 

We have several species of the genus Planiago {Plantago majors 
media, lanceolata, with four stamens and one style). The common 
thrift {Aimei'ta vulgaris) is related. It has five stamens and five styles. 

II. 
CONTORTiE.* 

The Contartce are sympetalous dicotyledons, with one-celled, 
many-seeded, or two-celled, few-seeded superior ovary, composed 
of two carpels. The calyx has its sepals united, four or five 
lobed. The corolla is regular, tetramerous or pentamerous, 
stamens two or five (rarely four), adnate to corolla. Styles, 
one or two. ^Estivation mostly convoluted or twisted. 

Trees, shrubs, or herbs with opposite, mostly decussate, leaves con- 
taining an acrid juice. Two orders. 

(14.) GerUianaace (Gentians). — Floml envelopes five-lobed 
(rarely four-lobed), large, and conspicuously coloured (mostly 

^ From plumbago, the name of a plant (The word u also dog-Latin for 
black-lead.) 

* Latin, eoniortuM, twisted. 



TUBIFLOILB. 



119 




Fio. 182. 

GentiAii {Gen- 
tiana Pneumon" 
aiUhe). 



blue), persistent when withered. Ovary one-celled, with parietal 
placentae (Fig. 182), or two-celled, with seed in centre. Fruit 
usually a capsule. — [500.] 

The Gentians are small herbs or shrubs, having 
mostly a smooth, hairless surface. Leaves simple, 
undivided, often with entire margin; no foot-stalk. 
Flowers single, and terminal or axillary (seldom in 
spikes, heads, or whorls). Boot a rhizome or fibrous. 
Although the Gentians are found all over the world, 
their chief habitat is the colder regions. They are 
common in the Arctic regions, and below the snow- 
line on lofty mountains ; their flowers are frequently 
very beautiful. Native species are bogbean {Meny- 
anthea trifoliata), Erythrceay &c. 

(15.) Oleacece, — Floral envelopes four-lobed, mostly small or 
medium sized, seldom absent (ash) ; stamens two, opposite the 
sepals. Ovaiy two-celled, each cell two-seeded ; one style. Fruit 
a capsule, nut, or berry (Fig. 183). — [280.] 

The OleacecB are trees or shrubs with opposite leaves, simple 
entire or impari-pinnate, and flowers in compound 
clusters. They grow chiefly in dry parts of the 
Temperate Zones in both hemispheres, also in warmer 
regions. They are specially abundant along the 
shores of the Mediterranean. The most familiar 
species are the olive (Olea Europvea) in Southern 
Europe ; the privet {Ligtistrum vulgare, leaves simple, 
flowers white, berries black) ; the syringa {Syringa vid- 
(/arts and 8, Persica, leaves simple (Fig. 52), flowers 
lilac or white, fruit a dry brownish capsule) ; and the 
ash {Fraxinus excelm'or), leaves impari-pinnate, floral envelopes dry or 
absent ; fruit a winged nut. 




Fig. 183. 
Syringa vtUgarit, 



III. 

TX7BIFI.0RiE.^ 

The TtibijloTcc are sympetalous dicotyledons, with two-celled, 
few or many-seeded superior ovary, composed of two carpels. 
Calyx free, sepals united, calyx five-lobed ; corolla regular, five- 
lobed; stamens five, adnate to corolla, alternating with the 
petals. Style one. Fruit, a capsule or berry. 

Herbs, half-shrubs, shrubs, or trees, with scattered or alternate, never 
opposite, leaves. Two orders in this country. 

> Itatia, Uihu9^ a tube ; /lof, a flower. 
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(16.) Convolvxdaceoc {Bindweeds), — Corolla tabular or funnel- 
shaped, five-plaited, convoluted or twisted in the bud; calyx 

often large, persistent ; ovary two or four-celled, 
with one or two seeds in each cell. The ovaiy 
stands on a thick, yellowish cushion-like disk, which 
partly surrounds it at its base. Fniit a few-seeded 
capsule (Fig. 184 ; comp. also Fig. 79).— [800.] 

The bindweeds are herbs or shrubs, mostly with twin- 
Bmdweed(CaZy- j^jg gtema containing a milky juice; leaves scattered, 
iugia ieptum). g-^pj^^ palmate, or pinnate ; flowers large, axillary or 
terminal. The bindweeds are very numerous in the Tropics, common 
in the Temperate Zones, entirely unknown in the Arctic regions. 
Bearbind (Calystegia septum) and bindweed (Convolvulus arvensis, 
Fig. 79) are our representative species. The tubers of Batatas edtdis 
("sweet potatoes") are used as food in the Tropics. A parasitic 
species, dodder (Cuscuta), infests our flax and clover. 

(17.) Solanacece {the NightsJtades). — Corolla tubular or funnel- 
shaped, five-plaited in the bud, five-toothed. Calyx herbaceous, 
persistent, and frequently altered after flowering. Ovary com- 
posed of two carpels, two-celled, each cell many-seeded. One 
style, stigma often bifid. There is no fleshy disk beneath the 
ovary. Fruit a two-valved capsule, or a berry ; placenUe very 
thick, often fleshy, bearing numerous seeds (Fig. 185). — [1250.] 

The nightshades are herbs, shrubs, or trees with 
compound leaves, and flowers either axillary or ter- 
minal. They are most common and most beautiful 
in the Tropics, especially in America, but they are 
also known in tlie Temperate Zones of both hemi- 
spheres. Many are very poisonous (narcotic) ; many 

Fig 185 ^^ ^^^ ^^ medicine. The fruits and tubers of some 
„ , ' ' species are used as food, e.g., the tomato, which 
oMcyamut Niq€r). ^® ^^® inxxi of Lf/coperstrum esculentum, and the 

potato, which is the tuber of Solanum tuberosum. 
Atropa Belladonna (ileadly nightshade), and Hyoacyamus nujer (hen- 
bane) are indigenous. Datura Stramonium (the thorn-apple) is intro- 
duced. Of foreign species we may specially note the capsicums 
(Capsicum annuum and C. haccatum, or cayenne pepper), and the 
tobacco plant (Nicotiana tahacum). 

IV. 
Personate 

The Personaicc * are sympetalous dicotyledons with two- 
celled, superior, many-seeded, rairly few-seeded, ovary, composed 

* Latin, putouatus^ ouutked ; ptrtona^ a mMk. 
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of two carpels ; calyx free with united sepals, four or five lobed, 
usually somewhat labiate. Corolla five-lobed, and decidedly 
bilabiate, ringent or personate (Fig, 87) ; the flower irregular 
but Bymmetrical (Fig. 186). When the flower is personate, 
it is sometimes spurred (Fig. 187, 1. II.). Very 
rarely the corolla is not labiate, but four-lobed 
and regular (Fig. 84), or five-lobed (Fig. 187, 
v., VI.), and only slightly irregular. Stamens 
usually four, two long and two short (the upper- 
most absent. Fig. 186). Sometimes five are 
present (Fig. 187, V.), or two (Fig. 84). Fila- Frog-lZ^aU^ir- 
ment« adnate to corolla. Fruit a two-celled, rkinutu mtyut). 
two-valved capsule (Fig. 187, III., IV., VII.). Style one ; stigma 
bifid.— [1900.] 





Fia. 187. 



Penonata.—l.jTV.ToBdaaiLinaruivulgarii). I. Flower, 
nftt. size ; II. Sune, under-lip bent back ; III. Ovftry, 
twice ealai^ed ; IV. Sune in cross sectiun. six titnea en- 
Urged ; v., VII. Mullein ( VerbaKum T/iaptiu) ; V. Flower, 
nkt. size ; VI. Same, lungitadinal section ; VIL Ovsry. 
twice enlarged ; e Flower-etalk ; d. Calyx i a Upper lip ; 
b Lower lip ; c Spur ; ( Stamens ; / Oviuy ; 'j Style ; 
A Stignu ; t Ovules ; k PUcratai. 

Herbs, rarely ahnib-like plants or shrubs. Stem cylindrical, more 
rarely quadrangular. Leaves opposite, in whorls or ecattei'eU, simple 
or deft, sessile or stalked. Flowers axillary, in whorls or in spikes, 
always hermaphrodite. 

(18.) PerwRaim (ScropkulaHaeete), a very large order, of which 
representative genera are found at the Equator as well as at the 
Poles. The following are the chief indigenous families: — 
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I. Flowers flat, rotate, almost regular, rim four or 
fivd-toothed. 

A, Rim five-toothed, stamexis five, . 1. VERBAflOXX. 

B, Rim four-toothed, stamens two, ... 2. yiB02aGi& 

II. Corolla campanulate, labiate, ringent or personate. 

A, Tabe of corolla spurred or knobbed, S. AsTiBEHisrsjE. 

B, Tube of corolla i»ithout spur or knob. 

a. With green foliage leaves. 

* Corolla campanulate, slightly labiate, rim 

four or five cleft. 

1. Rim of corolla bilabiate, . 4. Scboph17Labl£. 

2. Rim of corolla not labiate, only 

slightly four-lobed, 5. Dioitaixc 

* * Corolla ringent, with large casque- 

shaped upper lip, . . . 6. Rhikaiitbbjb. 
6. Parasitic plants with brown scales instead of 

leaves 7. Obobavchxje. 

1. VerhoBceai (vervains), represented in this country by the large 
vervain genus (yerhoKum)^ mostly yellow-flowering species (Fig. 
187, V. - VII.). 2. VeronicAOR (the veronicas), distinguished by 
having blue flowers (Fig. 84). 3. Antirrhinece (snapdragons), the 
most important species are Antirrhinum (snapdragon, Fig. 87) and 
Linaria (toadflax, Fig. 187, 1.-IY.). 4. ScrophularuB, indigenous genus 
ScrophtdariOy with greenish brown or greenish yellow inconspicuous 
flowers. 5. Digitalece (foxgloves), the foxglove genus {Digitalis), 
6. Rhinanthece^ plants of this order are remarkable for turning black 
when dried. Flowers conspicuous, bluish red, purple, yellow, &c. 
Melampyrum, Pedictdaris (louse- wort), Ekinanthus (yellow -rattle). 
Euphrasia (eye-bright). These are mostly semi-parasitic on the roots 
of other plants. 7. Orobanchece (broom-rapes), parasitic plants of 
brownish colour, with small, scale-like leaves, bilabiate corolla and 
one-celled ovary with parietal placentae. Ulustrative genus Orobancfiey 
with many species very difficult to distinguish from one another, often 
infesting cultivated plants. 



V. 

Tlie Nuculifera are sympetalous dicotyledons with superior 
ovary, divided into four fruitlets having a common style. Each 
fruitlet is called a nucule ; the nucules are elongated and rounded 
or angular in shape ; they each contain one seed. The corolla 

* Latin, hmcu/im, a nutlet (dim. of nux) ; fero, I bear. 




is five-lobed, regular or irregular ; so also is the calyx. 
Stamens Sve or four, rarely two ; adnate to petals, 
usually altematiDg with them. Flowers always 
hermaphrodite. 

Herbs or Bbrab-like plants, frequently very baiiy. 
Leaves oppoBite or scattered. Two oiders. 

(19.) LahitUa. — Corolla distinctly symmetiical 
(Fig. 188), bilabiate ; upper lip lai^e, mostly ^"- ^*8. 
casque-shaped, concealing the stamens and style i>*^-'"'tj« (f« - 

,„. , nr> \ 1 1- 1 ■ in BMum awum). 

(* ig. ISy, o) ; lower lip having several teeth, natter 

than the upper lip, without spur-like prominence. Tube of 

corolla long, rounded, often inflated at the base. Calyx 

either five - toothed (Fig. 

L), or labiate (V.). 

usually four, two long and two 

short Style basilar, i.e., arising 

from between the lobes of the 

ovary ; stigma double, the two 

parts unequal in lei^th. — [2600.] 

The order Lahiatcs contains many i 
apecies, and ia distinguished from 
all otlieis by the bilabiate, bilater- 
ally symmetrical, united corolla, 
and the peculiar ovary witb four 
nutlets. Its members are mostly 
herbs or ehrub-liko plants, seldom 
true Bbnibe, with quadrangular, 
hollow stems, with swollen nodes. 
The leaves are decussate, simple ^^°' '^^■ 

or indented. Flowers in spikes, iaiiate— I. II. D™dnettle(Zamiu»i 
tufts, or wliorla (Fig. 102). The aUmm). L Flower, nat .Ue ; IL 

Ubiato are most plentifully re- I™*' ^,'"«'^.'*^j^ ""1°°! ,"^■I\■ 
. . - ,. '^ II. . Solf-ho«J IPruji^la mitooru) ; III. 
presented m the warm Temperate ^^^^ ^^^ ,„„ u>" .id*, twice 
Zones, but are net with aU over the nat >ize ; IV. Corolla, upper Up bent 
world. They are specially numerous b»^, thrice nat bIm ; V. C»lyx, three 
along the Mediterranean coast, from time" enUrged ; I Calyx; a Upper lip of 
P,rt„gd to A.i. Mi.., ; Ih. li.» of :^^ ;X"JV^^^, "41 
Mexico IS also distmgutshed for the of coroll* ; t Straieiu ; g Style. 
large number of Labiatse it embraces. 

The LabiaicB are divided into the following families : — 

I. Rim of corolla not iBtnate, almost regular, four or five 
lobad ; tub« •barter than or of equal length with the 
calyx; fctanen* two or four 1. Mihthoidb*. 
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2. MONARDE.C 



IL Corolla labUte. 

A. Upper lip present, large or of medium size, 
a. Stamens two ; upper lip yery lai^e, . 
h. Stamens four ; upper lip large or of medium size. 

* Filaments teparaU^ bending from or towards 

each other aboye^ 3. Satubiihejl 

** Filaments running patxtUd Mrith each other 
under the lower lip. 

1. Upper (or inner) stamens shorter than tke 

lower (or outer), 
t Calyx bilabiate ; upper lip entire or three- 
toothed, 4. SCUTKI.LA&IXK£. 

ft Calyx straight or slanting, three to ten 

toothed, or almost untoothed, 5. Stachtdka 

2. Upper stamens longer than the under, 6. Nepr&s. 

B. Corolla one-lipped (upper lip very small), . 7. Ajuo^s. 



Fiom the above list we see that in the Labiatae the size of the upper 
lip is subject to great variation. It may be totally absent, small, 
middle-sized, or large. A noteworthy fact is that there is a relationship 
between the size of the upper lip and the geographical didrihutum 
(Figs. 190-193). In Western Europe (Spain and Portugal) the Ajugew, 
which have scarcely any upper lip, prevail ; in the south of France an<i 
Western Italy the Satureinece, also with small upper lip (Fig. 191) ; in 
(Germany, Switzerland, and North Italy the Stachydeief with moderately 
well-developed upper lip (Fig. 192), in Southern Russia, Asia Minor, 
and Persia, the Phlomideae (Fig. 193), with very large casque-shaped 
upper lip. 




Fio. 191. 



Fio. 192. 



Fio. 193. 



Fio. 190. 

Flowers of Labiakr. Fig. 190. — AJu^ reptans. Fig. 191. — OrigoHum vul^re. 
Fig. 192. — Galfopsis vtrsia>lor ^hemp- nettle). Fig. 193. — PhhmU Roeselianti, nat. 
Figs. 190-192 Home what enlarged. 



size. 



The following are some of the indigenous genera of Labiat(p : — 

(I.) The Mints {Menthoitlen*). — Of these mint {Metiiha)^ a genus 
comprehending many 8pecie8, and Lympw. (2.) Monardew. — The 
urtf^ germs (Stln'a)^ including two wild 8j>ecie8. (3.) S^^ture^netK — 
Marjoram origanum (Fig. 191), thym*' (Thymtuf)^ &c, (i,) Scuiei- 
larineit, — Sruteiiaria and Prunella (comp. Fig. 189, IIL V.) (6.) 
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Staehydem, — The dead-nettle order (Lamiumy Fig. 102 and Fig. 189, 
L II.), hemp-nettle (GaleopsiSy Fig. 192), wound-wort ^ Stachys, &c. 
(6.) The Nepetece or CcU-niints, — Catmint (Nepefa) and ground ivy 
(Gleckoma). (7.) Ajugece, — Ajuga and wood-sage {Teucrium). 

(20.) Boraginacecd {the Borage family), — Flower regular or very 
slightly symmetrical, never labiate. Calyx free, five-lobed, 
sepals united, corolla five-lobed, prolonged below 
into a tube. Stamens five, sometimes concealed 
by processes of the corolla. The four lobes of 
the ovary united in pairs. Fruit four nutlets 
(Fig. 194).— [1200.] 

The Boraginacese are herbs or shnibs whose leaves 
and stems are usually covered with stiff, bristly Fio. 194. 
hairs. The stem is cylindrical, the leaves simple, Lung-wort (PuZnu)- 
alternate. The Boraginacese are found in the warm f^ria officinalu). 
and in the temperate zones. Home genera are 
hound's-tongue {Cynoglossum)^ borage (Borago), Anchusa, Symphy- 
tumj Eehium, Pulmonaria (lung-wort), Lithospermum, Myosotis (forget- 
me-not), &c, 

VI. 
CUCURBlTACEiK. * 

The Cucurbitacece (gourds) are sympetalous dicotyledons with 
inferior three-celled, many-seeded ovary ; flowers monoecious or 
dioecious ; stamens united in two pairs, the fifth remaining 
free (Fig. 195). Calyx superior, five-lobed; 
corolla also five-lobed. Anthers twisted. Fruit 
a pepo, three-celled, many-seeded (Fig. 132). 
Stigmas three, very thick. 

(21.) Cticurbitacece, the cucumber order. — 
Annual, more rarely perennial plants, with cylin- 
drical branched creeping stems, and scattered ^w- 1^*- 
simple or palmate leaves — the leaves often very ^^^ ( — rT." 
large. The stems are frequently prolonged into presented as her- 
much-twisted tendrils.— [600.] mnphrodite. 

The Cucurbitacece is mainly a tropical order, having a few represen- 
tatives in temperate regions, none in Arctic. The succulent fruits are 
much esteemed as an article of food, either fresh or preserved, e.g,, the 

* New. Lat. , pepo, a gourd ; fero, I bear. 
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gourd (Cucurbita Pepo, originally a native of the East), the cacomber 
(Cucumis 8ativu8)f the melon (C. Mdo), and the water melon (C. cUrtd- 
lus). The snake-gourd (Trichosanthea anguina) is much prized bj the 
natives of the Tropics ; its hard rind is utilised to form various sorts of 
vessels. The poisonous bryony (Bryonia diaicd) is the only indigenous 
species. 

VII. 
CAMPANULACEiB.* 

The Campannlaceof {BdUflowers) are sympetalous dicotyledons 
with inferior or median ovary, two-celled, many-seeded. Flowers 
hermaphrodite, regular. Stamens free ; fruit a capsule. 

(22.) CampamUacecB. — Calyx half or wholly superior, four 
or five-lobed, like the corolla. Ovary consisting of two, three, or 

several carpels (Fig. 196). One style. Stigmas 
as many as cells of the ovary, usually three. 
—[500.] 




Herbs, rarely shrubs. Stem cylindrical, leaves 

alternate, rarely opposite, simple or lobed, sessile or 

stalked. The CampantUacece are common in the tern- 

Fio. 196. perate and colder regions, being found even on lofty 

Campanula (Cam- mountains ; they are not so characteristic of the 

panida patvla). tropical flora. Most species are found in Europe, 

Asia, and North America. Jaxionej Phyteuma^ and 
the various species of Campanula (hare- bell, Canterbury bell, Sec) are 
indigenous to this country. 



VIII. 

CAPRIFOLIACEiE." 

The Caprifoliacew are sympetalous dicotyledons with inferior, 
several-ceUed, several-seeded ovary, and hermaphrodite flowers 
with stamens adherent to the corolla-tube (the point of attach- 
ment often very low down). Flowers four or five lobed, regular or 
bilaterally symmetrical ; fruit a berry, rarely a capsule. 

(23.) Caprifoliacem, — Calyx epigynous, like the corolla four 
or five lobed. Ovary composed of three or four carpels, three or 
four celled, each cell two-seeded (Fig. 197), or one-seeded, very 
rarely several-seeded. 

^ Latin, camjNiiMf^a, a bell. * Latin, cajper^ a goat ; foUum^ a leaf. 
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Fio. 197. 

Honeysuckle 

(Lonicera Xylo- 

ateum). 



Shmbs or low trees (sometimes shrub-like climbiDg plants), with 
opposite simple, entire, or lobed leaves. Flowers single or in pairs, 
also in simple or compound clusters. A small group 
found in the temperate regions of both hemispheres. 
Native genera — AdoxUf Sambucus (the elder). Vibur- 
num (guelder rose), Lonicera (honeysuckle, several 
species). A common garden-plant is the snowberry 
{Symphoricarpus raceTnosue). 

Related to the Caprifoliacese is the large order Bubi- 
aeeoB (Madders)^ with regular four or five-lobed flowers, 
and inferior two-celled ovary. Of the four hundred 
species known, only a few are native to this country ; 
these are mostly low herbs with whorled sessile leaves, 
and small flowers — Galium^ AspertUa (wood-rufl). The 
order is only typically developed in the Tropics, where many species 
attain the height of trees. Coflee is made from the berry of the 
tropical genus Cqffea^ quinine from the bark of the South American 
Cinchona. 

IX. 

AGGREGATiE.^ 

The Aggregatce are sympetalous dicotyledons with inferior 
one-celled, one-seeded ovary, from whose summit arise the calyx 
(mostly hairy) and corolla. Petals and stamens of equal number, 
always four or five. Inflorescence aggregated into a dense head 
or capitulum suiTOunded by an involucre, whence the name 
given above. The following two orders are important : — 

(24) The DipsacecB or Scabious Order. — Calyx apparently 
double, having an epicalyx or involucel — both tubular ; corolla 
arising from the throat of the 
calyx, tubular, five or four lobed, 
occasionally almost labiate ; 
stamens four, alternating with 
the lobes of the corolla, some- 
times of unequal length. Style 
one, longer than the corolla, 
stigma often short, bifid. Achene 
indehiscent, surrounded by the persistent involucel, and sur- 
mounted by the persistent calyx, brownish in colour (Fig. 198). 

Herbs with opposite simple, pinnate or bipinnate leaves. The 
flowers, always hermaphrodite, grow in compact heads, surrounded by 

^ Latin, aggregatut^ past participle of aggrego, I heap up. 





Fig. 198. Fio. 199. 

Succita prxUerma. Ciraium oleraeeum. 
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an involncra of bracts. Indigenous to the Tempemt« Zones. Home 
genera, Dipsacus (incluiling teazle {D. FuJlotmm), whose dried capitula 
are used to comb up the nap on cloth), and ScaMoga, including various 
species of scabious. — [120.] 

(25.) Com-posiicB. — Calyx* represented by simple bristles or 
feathered hairs {Pappii&, comp. Fig. 74 and Fig. 96, V.), which 
often persist and crown the fniit ; corolla either regular, tubular, 
and five-lobed (Fig. 74), or somewhat irregular, and tubular 
(Fig. 85), or ligulate (Fig. 83). 
Stamens five, attached to tubu- 
lar corolla, and alterndtiog with 
its lobes (Fig. 199). Filaments 
free, but anthers united into a 
tube around the style. Style 
one, stigma bifid. — [10,000 
species.] 

Inflorescence a capitulum or 
antbodium, consisting either of 
tubular florets (Fig. 200), or of 
florets tubular in the centre, 
ligulate at the circumference 
(comp. Fig. 107, 11.), or of 
ligulate florets alone (dande- 
lion). The external florets are 
iiften either female or neuter. 
Each capitulum is surrounded 
by a number of imbricated 
bracts, forming an involucre. 
The capitula either grow singly 
nt the end of a long flower- 
stalk (daisy), or often in a corymb (Fig. 119). 

The ComposiUc are herbs or under-shrubs (rarely shrubs), annual 
or ptrennial, with fibrous or tuberous roots. The leaves are alternate, 
opposite, or whoried, simple or compound, the upper leaves usually 
eniallcr than the lower. Tlie Composita- is the lai^jest of all tlw 
natural orders, embracing about one-ninth of all the known species 
of plants. Members of the order are to be found in all parts of the 
world, from the Equator to llie extreme limit of Polar vegetation. The 
following are our most importnnt native families : — 




Fio. 200. 
Ca[HtQlum of thiatle (Ctrn 
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I. Capitula, either composed entirely of tubular 
floiets, or centrally of tubular, peripherally of 
ligulate florets. Juice watery (Tubuliflorce). 

A. Style not thickened, cylindrical or club-shaped 

at the apex. 

a. Style warty, or slightly hairy at the apex. 

* Style club-shaped, 1. EuPATORiiE. 

* * Style linear, . . . \ 2. AsTEROin^s. 

b. Style linear and cylindrical, blunt at the 

apex, and covered with long hairs. 

* Anthers without appendages at the 

base. 

1. Pappus either a wanting or stiff, 

like bristles crowning the 
fruit, 
t Leaves usually opposite, 

anthers black, . 3. Heliamtbe^ 

1 1 Leaves usually alternate, 

anthers yellow, . 4. Anthemidilc. 

2. Pappus downy, ... 5. Senbcione^.. 

* * Anthers with appendages 

at the base, 6. GNAPHALiiE. 

B. Style much thickened at the apex, and there 

very hairy, 7. Cynare^ 

TI. Florets all ligulate. Juice milky (Liffuliflorce), 

A . Pappus entirely absent, involucre composed of 

from five to eight bracts, .... 8. LAPSANRiE. 

B, Pappus present, involucre composed of an in- 

definite number of bracts. 
a. Pappus short, bristly ; the bristles 
flattened, blunt at the apex, free or 
slightly united, .... 9. CiCHOREiC 

6. Pappus feathery or hairy. 

* Pappus feathery (at least on the 
central florets) ; the hairs rarely 
simple at the apex, divided at the 
base. 

1. Each whorl of pappus hairs un- 

equal in length ; receptacle 
naked, or covered with fine 
filaments, . .10. Leontodonte^. 

2. Each whorl of pappus hairs of 

equal length; receptacle naked, 11. Traoopogonrje. 

* * Pappus hair-like, hairs 
always simple. 

1. Achene flattened, . 12. LAcrucEiS. 

2. Achene cylindrical or 

angular, not flat, . 13. Hieraceje. 
I 
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The following are typical representatives of these orders : — 1. Etipa- 
torice — Eupatorimn canndbinum, Fig. 74 (hemp-agrimony), Titssilago 
Farfara (coltsfoot), Fetasites officinalis. 2. Astermdecd {the alters). — 
Aster sinensis (the common aster of cultivation), Bellis perennis (the 
daisy), and Inula (elecampane). 3. HelianthecB (sunflowers). — Helian- 
thus annuus (the common sunflower, a native of America); Bidens 
(bur- marigold), a native of this country). 4. AntJieniictecB (the 
camomiles). — Artemisia (wormwood), Achillea, Fig. 119 (milfoil), 
AnthemiSy Matricaria Chamomilla (the camomile), Tanacetum uulgate 
(tansy), Chrysanthemum. 5. Senecioneoe (the groundsel). — Arnica 
viontana, Senecio (groundsel). 6. Gnaphaliw. — Filago, Gnaphalium, 
Helichrysum arenarium. All plants of this family are remarkable for 
the thick, ragged white or grey hairs by which they are covered (the 
various species are classed together as Immortelles). 7. Cynareoi (the 
thistles). — Cirsium (fuller's thistle), Carduus (common thistle), Arctium 
(burdock), Centaurea (cornflower). 8. La])sanem. — Lapsana, Amoseris 
(lamb's succory). 9. Cichorice. — Cichorium Intyhus (common chicory), 
and C. Endivia (salad endive). 10. Leontodontece {dandelions), — 
Leontodon (yellow hawkbit), Picris. 11. Tragopogonece (the goat's- 
beard). — Tragopogon (goat's-beard). 12. Lactucece (lettuces), Lactuea. 
— Taraxacum officinale (common dandelion), Sonchus (sow-thistle) 
(Fig. 200). 13. Hieracue (hawkweed). — Two genera, including 
numerous species, Crepis (hawk's-beard), and Hieradum (hawkweed). 

X. 

PRIMULINiE. 

The Primxdinm are sympetalous dicotyledons which have 
carpels, sepals, and petals isomerous (6). The ovary is one- 
celled and many-seeded, the ovules attached to 
a central placenta. Stamens five, adnate to 
corolla, and superposed to its lobes. Fruit a 
capsule (Fig. 201, Fig. 99, III.). One order. 
S^^\^^y^/ (-6) Primulacem {the Primrose Order). — 
^^ -^ Herbs, mostly with simple persistent short 
Fi(i. 201. %\jQvci ; leaves simple, mostly entire, growing 
VnmTi^(Primvia dose to the ground; flower-stalk unbranched, 

bearing flowers in a terminal umbel. In other 
cases the flowera stand singly, or in clusters, &c. Flowers 
always hermaphrodite. 

The Primulaceae belong principally to the flora of the north tem- 
perate n^j^'ions of both hemispheres, partly also to that of high moun- 
tains. Many 8i>ecie8 are cultivated. Native genera : — Primula 
officinalis (the common primrose), P, elatior (oxlip), Trientalis 
€un)pa>n, Ilottonia palusiris (bog primrose), Lysimachia, Anagallis 
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arvensia. The auricula {Primula auricula), the Chinese primrose 
(Primula sinensis), and the cyclamen (Cyclamen eurqpcBum and C. 
persicum) are favourite garden plants. 






XL 

BiCORNES. ^ 

The Bicomes, or heaths, are sympetalous dicotyledons with 
epigynous stamens. Carpels (four and five) as many as the 
lobes of calyx or corolla. Ovary four or five- 
celled, many-seeded; seeds not attached to a 
central placenta. Fruit a berry or a capsule. 
Two orders. 

(27.) Vawinice, or Whortleberries, — Calyx 
adherent to the ovary, four or five-lobed; sepals, 
like the petals, united ; petals deciduous. 
Stamens twice as many as petals, arranged {Vaoci^iumMyr' 
in one whorl epigynous. Ovary inferior, cells ^^)- 

four or five ; one style. At the summit of the ovary is a thick 
fleshy disk (Fig. 202) ; fruit a berry.— [50.] 

The VaccinicB are gregarious plants of the Northern Hemisphere, 
growing only in the temperate and colder regions. They are found on 
barren, sandy, or turfy moors. All plants of this order are shrubs, 
many of them only a few centimetres high (Fig. 203). The leaves are 
small and simple, often thick and leathery, usually evergreen. They 
spring from the branches at irregular intervals. Flowers mostly 
reddish; berries red or dark purple. Native species — Vac^nium 
Ckcy coccus (cranberry), V, Myrtillus (bilberry), V. uliginosum (black 
whortlebeny), and V, Vitis-Idcea (red whortleberry). 



Fio. 202. 
Bilberry 




Fio. 203. 

Cranberry ( Vaceinium Oxycoceus). — I. Plant, nat size ; II. Flower, 
four timee enlarged; III. Fruit, nat. taze, 

(28.) Ericacece (the heaths). — Calyx and corolla each united, 

' Latin, &W, twice, comu^ a horn ; because the stamens have two hornlike 
appendages at the base of the anthers. 
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four or five lobed. Below the ovary the receptacle is widened 
so as to form a ring, from which arises the persistent corolla. 
Stamens arising from the expanded thalamus, as many or twice 
as many as the petals, in both cases forming only one whorl. 
Cells of the ovary four or five, opposite the petals ; style one. 
Fniit a capsule or berry (Fig. 204). — [1150.] 

The Ericacece are shrub-liko plants, shrubs, or trees {e,g., AHmtwt 
UnedOy a species indigenous to South Europe and Asia Minor), with 

scattered or whorled, leathery, often needle-shaped, 
leaves, single or clustered flowers, and mostly peren- 
nial roots. They are confined chiefly to the northern 
temperate regions and South Africa ; in New Holland 
they are represented by the Epacridaceae, an allied sub- 
^s%^ ^yj order. The heaths, properly so-called, are the most 
^^^■■;>i3r important. The name "heath" is given to large 
Fig. 204. tracts of country, corresponding in some degree to the 
Heath {Andro- -^'^^^^^ ^^^ South African steppes, when overgrown 
meda polifolia). with Cdlluna vulgaris, the common heath. Familiar 

also is the bell-heath {Erica Tetralix, Fig. 77), which 
grows in damp, turfy spots. In Lapland the genus Erica is represented 
by such numerous and varied species, that it has not yet been found 
possible to exhaust them : every valley, every mountain, possesses 
some peculiar endemic variety. The fact of there being so many 
species of Erica in Lapland is all the more remarkable, seeing that 
elsewhere throughout the whole Northern Hemisphere we find but a 
few species prevailing everywhere. 

Other noteworthy native plants of the order Ericaceae are Arciosta- 
phylos Uva-Urtiij Andromeda, Pyrola (the winter-green), and Mont*- 
trojHi (Fig. 6, a), a degenerate root-parasite. 

Group II. 

CHORIPETALiE. * 

The Choripetalm have either the floral envelopes almost 
entirely absent, or only one present, or normally both present If 
only one is present (perianth), its parts may be either free or 
united ; if two are present, the petals of the inner whorl (corolla) 
are always free. The stamens are arranged either in one, or, as 
is more usual, in two whorls {several M'horls may arise through 
radial reduplication), the first or outer whorl being mostly opposite 
the sepals, tlie second or inner opposite the petals. The number 
of stamens varies from one to many ; they are not united to the 

* Oppek, rfiitr!», free, not uniU'd ; petalon^ a petal. 
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corolla, but are inserted on the receptacle or on the rim of the 
calyx (Thalamiflorae and Calyciflorse). The ovary usually con- 
sists of as many carpels as there are sepals (four or five), but it 
may consist of more or less. In many flowers there are several 
or many ovaries, each composed of a single carpel. — [45,000.] 



Key to Orders of CnoRiPETALiE. ^ 

I. Flowers inconspicuous, floral envelopes entirely 
atcanting or small, never brightly coloured, 
never double. Ovary one-celled, very rarely 
three-celled; flowers rarely hermaphrodite, 
inflorescence usually a catkin, 

A, Flowers unisexual, 6 in catkins, 



1. Amemtac££ or 
Catkin-Beabebs. 

2. UBTiciNiB or 
Neftlsb. 



3. CENTBOdPBBM.V. 



B, Flowers hermaphrodite or unisexual, 6 not in 
catkins, 

II. Floral envelopes large, double or single, the 
latter always in the form of a perianth (if 
the perianth is greenish, the flowers do not 
form catkins, and are Q flowers with single- 
seeded ovaries). 

A. Seed on central placentas, ovary one-celled, always 
single. Stamens one to ten. Fruit a nut or 
capsule, ........ 

B. Seed not as in the latter class. Ovary mostly 
several-ceUed (if one-celled it forms a berry, or 
there are several in one flower). 
a. Flower a timple perianth^ with united parts, 
6. Floral envelopes daubUf or forming a perianth 

with several petals. 
* Ovary inferior. 

1. Calyx almost absent, flowers in lAnbels, 5. Umbellivlob^. 

2. Calyx present, flowers not in umbels, 
a. Fruit a capsule or berry. 

t Calyx and corolla pent* or tetr* 

amerous, in the latter case having 

many stamens, .... 
ft Calyx and corolla di- or tetr- 
amerous ; stamens four or eight, . 



4. MONOCULAMYDE^ 



6. SAXIVBAQINJi. 



7. Mybtiflobjs 
(in part). 

8. RoSIFLOBf 

(in part). 



j3. Fruit a few-seeded pome, 

** Ovary superior. 

1. Stamens inserted on the throat of the 
calyx. 

* Compare Tables III. and IV., "General View of the most important Chori- 
petake," — A and B, at the end of the book. 
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a. Flowon regular. 

t OvBTy one, two-celled, seyend- 

leeded 

ft Ovary one, one-celled and one- 
leeded, or several one-eeeded oells, 
/3. Flowers Bjmmelrical (Papilionaoese), 
2. Stamens inserted on the ovary. 

a. Ovary one, oompoeed of one carpel, 

or several, each one-seeded, . 
/9. Ovary one, composed of from two to 
many carpels, one to five celled ; oeUs 
two or many-seeded. 
+ Petals four or numerous, . 
ft Petals five. 

Ovary one-celled, 
Ovary several-celled. 
X Stamens numerous, 
11 % Stamens five, seven, eight, 
or ten. 

D Stamens united, 
GO Stamens free. 

t Whori of stamens 

decamerous, or seven 

eight members fully 

developed, 

J J Whorls of stamens 

pentamerous, all 

the members fully 

developed, . 



7. Mtrtiflor^ 



8. rosifloha 

9. Legumino&k. 



10. POLTCARPlCiK. 



11. RHSADDfiK. 



12. CiSTIPLORJE. 



13. COLUMWIPBRJE. 



14. GBUIVALBli. 



15. .iLSCUUNJt or 

HOBSB ClUSTllUTa. 



H. FBAHOULIiriK. 



I. 

AMENTACEiE. ^ 

The Amentacece (catkin-bearers) are choripetalous dicotyle- 
dons, with very simple, inconspicuous flowers. Bracts absent, 
or reduced to a mere scale ; calyx and corolla not to be distin- 
guished. Flowers always unisexual, either inoncecious or 
dicecious. The <J always in catkins (Fig. 203); externally 
only the scaly bracts are visible, under which lie the flowers, 
consisting only of stamens, either single or in groups. Ovan* 
usually one-celled and two-seeded, rarely three-celled and six- 
seeded, or one-celled and many-seeded. Fmit an indehiscent or 
winged nut, in which only one seed is developed (the other 
ovules are suppressed), occasionally a two-valved, several-seeded 
capsule. 

* Latin, amentum^ a catkin. 



The Amentaceffi are trees or shrubs with simple leavea. They are 
divided into three orders : — 

(29.) Baidaeeee {the Birch Order).— Flowera 
monoecions. The S quite, without floral en- 
velopes, or these only rudimentaiy ; stamens 
two to four, concealed beneath a stiff scale 
(bract, Fig. 206. 207, I.) S flowers united to 
form a short rounded catkin (HI.), every two 
or three enclosed by a bract (II.). Fruit a 
two-seeded winged nut, or a one-seeded nut, 
the base of which is surrounded by a leaf-like 
cup formed by the development of the bracts 
(hazel-nut)— [200.] 

The Betulacete are trees or shrubs of the northern ^ 
colder temperate regions, some species of which tha birch (BetxUa 
oven pass up as far as the northern limits of vegeta- '^'")< n"- "^^ 
tion {Beitila nana or dwarf birch). Native species are 
the common birch {Beivla aXha), Belulapubeecens, Alnus gtuiiitosa (the 
alder), Corylus Avdlana (hazel), and Garpinw lietulua (hornbeam). 
In Italy Corylus tubtdoia (the filbert) is also found. 




'fS^) 



Flowen of 
luuel {Corj/lui 
AvtHanaj. 




Fio. 207. 
HomI iCoTfflat AveBa>ia).~-I. MhIx 
flower. II. Female flower, eight times en- 
Urged. III. ? catkins, four Umes enlarged. 



(30.) CuptUi/fraa (the Oak Orrfer).— Flowers moncecious, i 
flowers in catkias or clustered. Horal envelopes absent, or four 
to five lobed ; stamens five or ten (Fig. 209), adherent to the 
scales of the perianth. $ flowers ; ovary adnate to the united 
perianth, with three stigmas at the apex (Fig. 210). Ovarj- two 
to six celled, each cell one or two seeded. Fruit a nut, with only 
one cell developed and one seed (the rest abortive) ; base of 
the nut surrounded by a hard cup {c. Fig. 208), formed by 
development and enlargement of the bracts which, in the flower, 
encircled the ovaiy. — [200.] 
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The Cupuliferce are indigenous to the Temperate Zones of both bemi- 
spheies, hut are scantily represented in the region of the Equator. The 





Oak.iQaeretttRob«r]. Fig. 2 
Plonl liiAgnnu. Fig. 210.— 1 
— c Cup, d Bract, h Perianth, 



8.— Fruit, ni 
*D ! flnwen 
Stigmu. 



order conaieta mostly of trees which grow together in large nnmbeie, 
and form forests. It includes the oak genua (Quereus), containing 
many species; among others, our common oak (Querrw Itolmr), the 
fiolm oak {fi,vfrnm Ilex, with leathery everj^reen leaves), plentiful in 
Italy and in the southern spurs of the Alps, and the cork tne 
{Quercm Hulier, a native of Spoin and North Africa), whose bark forms 
the cork of commerce. The Cupulifene also includes the genua beech 
(Faijm), one species of which {Faijwi Kylmlira, the common beech) is 
one of our most familiar forest trees. Fagus fermginea is to the woods 
of Nortli America what Fagun sylvaiira is to ours. In Chili we have F, 
ulAiqua, and in Tierra del Fuego /'. antarcHca and bduldidet forming 
extensive forests. The esculent chestnut also belongs to this order 
(CoKtanva vfira) ; it is a native of 
^Jh'i/ Southern Switzerland and Italy. 



. v^^^Ml 



M 



(31.) Salirin,'(v {the WUiow Order) 

— Flowers dio'cioiis. ,J and 9 

, , Howers, both in catkins. Floral 

^^ ^^^r<-^ik,~ envelopes are absent in both aexes, 

.^^ " ag their places being taken either bv 

^\f^ a Heshy protul>erance (in the wil- 

V lows), or by a cup-like shell (tin; 

f'«- 211. poplars. Fig. 211, a). $ flowers, 

9 flower ..f the bUck popiw ataniens few U.g., two, Fig. 212, i), 

development ..( u.e receptacle ; b "F umuy (as many as twenty-four) ; 

OT»ry with two biiid .tigc.u ; r t],ey are free or united by their fik- 

ments. ? flowers, each flower pro- 

lectwl by fl scaly bnict (c, Fig. 211), the edge of which is sw 
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much split up as to look like s fringe of hairs ; ovary {h. Figs. 

211, 212, ?) one, free, many-seeded, seeds arranged <»•- 

in several rows. Style one, stigmas two, bifid. Fruit " • 

a two-valved capsule, seeds clothed with downy haira. ^S^ 

Trees or shrubs of the temperate and colder regions. 
Native genera— the willow {Salix) and the poplar {Popultu). '''"■ -'^■ 
The most important of the willow are the common willow- Salixcaprta. 
tree {Salix fragiltK), the weeping willow (S. bairylonica), the osier willow 
{S. viminalis), and goat-willow {S. Caprm). In Alpine and Arctic 
r^ons we find S. Lapponum (the Lapland willow) and S. reticulata, 
which only attain a height of a few centimetrefl. To the poplars 
beloi^ — PoptUus alba (the white poplar), P. treniula (the aspen), 
P. pi/ramidaiU (Lomhardy poplar), and P. nigra (the black poplar). 

11. 
Ukticin^. ' 

The UrticintB, or nettles, are clioripetalouM dicotyledons with 
very simple, inconspicuous flowers. The floral envelopes are 
better developed than among Sowers of the last oi-der ; the 
perianth consists of from four to six greenish scale-like parts. 
Flowers unisexual or >} . Stamens usually of the same uuiuber 
as the teeth of the perianth, and placed opposite to these. 
Catkins with bracts are never found. Ovaiy mostly one-celled 
and one-seeded. Fruit an indebiscent or winged nut. 

Trees, shrabs, or herbs with simple, frequently lobed, leaves. Two 
ordera are important ; — 

(32.) Uhnacew {the Elm Order). — Flowers $ in scaly clusters or 
tufts ; perianth simple, five to six lobed and campanulate stamens 
as many as the lobes of the 
perianth, and placed opposite to 
these (Fig. 213). Ovary superior, 
one-celled, one-seeded ; stigmas 
two. Fruit an indehiscent * 
(Hg. 214).-[U0.] 

The Ulmaceie come in between the 
UetulacesB and the Urticace«e. Tliey 
are trees or herbs, with alternate, ^JjS'j,^ ■^J' 
Simple leaves. Ulmim campestru tk« elm {i'lmtu campalrii) ; dbA. nu. 
(the common elm) and U. monttina 

are native species. Eelated to the elms are the Plataitete or plane- 
' From IdUu, vrticu4, the ttipging nettle (uro, I bum). 
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trees, of which PlcUanut orientaiis and occidentalis are familiar 
species. 

(33.) Urticaccce {the Nettle Order). — Flowers monoecious or 
dioecious, in panicles or tufts. Perianth simple, tetramerous 
(2 + 2, Fig. 215); in the ? flowers the two inner parts are 

considerably larger than in the <J . Stamens four, 
opposite the parts of the perianth. Ovary supe- 
rior, one-celled, one-seeded, with one (tapered) 
or two stigmas. Fruit an indehiscent nut or a 
berry.— [1700.] 

Fio. 216. ^^ ^^ temperate regions the nettles are herbs or 

Q.. . * * , shrub-like plants, frequently with stimring haiis. 
Stuiffiziff nettle , ..,*^ . •.„ ^ . •'mi. T^- ^ 

{UHicadioUsa). always Without muky juice. The representatives of 

the class in warmer regions are frequently trees con- 
taining milky juice. There are four families : — 

1. Urttcecb {the Nettles), — Fruits single nutlets ; one stigma ; with- 
out milky juice ; succulent herbs ; chief genera the stinging nettles 
(Urtica urens and diotca) and pellitory (Parietaria). 

2. Morece {the Mtdberries). — Fruits aggregate, indehiscent ; mostly 
two stigmas ; nearly all shrubs or trees with milky juice. To the 
Moreffi belongs the mulberry trees {Moms alba and nigra), cultivated 
as affording food for silkworms. The mulberry originally comes 
from China. 

3. CannahineiB {the Hemps), — Fruits single, indehiscent; stigmas 
two ; no milky juice ; herbs and low shrubs. Hemp (Cannabis 
sativa) and hops {Humulus Lupulits) are important species belong- 
ing to this family ; their uses are well known. 

4. ArtocarpecB {the Bread-Fruits), — Fruit a single-seeded berry, or 
a peculiar aggregate fruit ; trees and shrubs with alternate leaves and 
milky juice. The Artocarpeie include the great fig genus {Finis); 
several species important, e.g., Ficus Carica (the fig-tree), introduced 
from the east into Greece, Italy, and Spain, where it is largely 
cultivated, and yields the common fig (in the pulp of which the 
ixvLQ fruits are imbedded) ; also the india-rubber tree {Finis elastira), a 
native of the East Indies, whose milky juice is a source of the india- 
rubber of commerce. The fruits of bread-fruit trees {Artocarpus »«rfW«, 
&c.f cultivated in the Tropics) are highly prized as articles of food. 

III. 

Centrospekm^. ^ 

The Centrospcrirnce are choripetalous dicotyledons with double 
floral envelopes, forming a calyx and corolla, or with only 

^ Gr««k, refUrcm, the centra ; wperma^ a teeii. 
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one floral envelope developed. (In the latter case they may 
be distinguished from plants of both the foregoing classes by 
their never being trees or shrubs, by never bearing catkins, and by 
their flowers being almost always hermaphrodite.) Each flower 
contains one ovary, which is always one-celled, never several-celled, 
though occasionally divided by false dissepiments (comp. Fig. 98, 
II.) ; it is one or many-seeded. The ovule or ovules are always 
central, never parietal They are attached to a free cerUral placenta, 
a mode of attachment found in none of the other Choripetala^. 

The Oentrospermse are herbs or shrub-like plants, with simple leaves 
and flowers, which are frequently arranged in heads or tufts. They 
form two orders, the first of which has flowers with a perianth, the 
second double floral envelopes. 

(34.) Oleracece (the Spinach Order). — Flowers w^ith perianth, 
di-, tri-, or tetramerous, rarely absent. Stamens arranged in one 
or two whorls, of which the members are 
frequently not all developed, so that no 
general statement can be made as to their 
number ; e.g., there may be one, two, three, 
four, five, six, seven, eight, or numerous 
stamens in a flower. Ovary free, one- 
celled, and almost always one-seeded ; the 

large ovule attached to the middle of the thr^^^'^ri/aS^Tf 
floor of the ovary by a long, often curved (i.) Chenopwiium, (li.) 

stalk (Fig. 216) ; styles several. Fruit a iftTEi:^'"**^"*' 
hard, indehiscent nutlet. — [1200.] 

Herbs or shrub-like plants with opposite (decussate), alternate, or 
whorled leaves, and very inconspicuous greenish flowers. They are 
found chiefly in dry places in the Temperate Zones. To many salt is 
necessary for their proper development, and hence many species grow 
exclusively by the sea shore or by salt springs. Two families. 

Polygonece {tlie Sorrel Family), — Leaves provided with membranous 
stipules, either free or united in the form of a sheath around the 
stem. Perianth with from three to 
eight parts; stamens three to nine, 
or numerous ; ovary always one-seeded, 
with several styles or stigmas; fruit 
nut-like (Fig. 217). Shrubs or herbs 
with simple leaves, found in all climates. 
Native genera are Ramex (dock) and 
Polygonum^ which includes the buck- 
wheat (P. ^ar/op^n^m) and many species. hiuiZ Fig. 218. -^^itum vuya 
Rhubarb {Rheum rhaponticum, ^r.) is ^**'»* 
also one of the Polygoneas. 



Fig. 216. 





Fio. 217. Fio. 218. 

Fig. 217. — Polygonum, amphi' 
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2. Ghenopodice {the Goosefoots), — No stipules. Perianth mem- 
branous, green, rarely brightly coloured, in the (J flowers three to 
five lobed, in the $ flowers mostly two-lobed. Stamens free, inserted 
on the bases of the perianth lobes ; as many or fewer, never more 
numerous than these. Ovary one-celled, one-seeded, with two or four 
lobed stigma. Fruit dry, indehiscent (Fig. 218). Habitat, temperate 
regions, the sea shore, and salt steppes (Central Asia and Siberia). 
Home genera — Atnplex (orach), Chenopodiuvi (goosefoot), &c. Culti- 
vated species Spinacia oJ^-acea (spinach) and Bda vulgaris (beet-root). 
Soda used to be obtained from the ashes of several other species found 
in salt marshes {e,g., Salvia Kali). 

(35.) CaryophylleoR {the Pinks). — Ovary one-celled, composed 
of frnm two to five carpels ; at first many -celled, placentation 

axile, afterwards (by absorption of septa) central, 
with many ovules. Fruit a capsule, opening by 
teeth. Stamens usually five or ten ; hypogynous, 
like the floral envelopes inserted on the receptacle 
(Fig. 59). Floral envelopes double, consisting 
Fio. 219. mostly of a green calyx and a brightly coloured 
SUeneinfiata. coroUa ; both pentamerous (Fig. 219). — [1000.] 

Herbs of the temperate regions, well represented in our own flora. 
Three families. 

1. SilenecB {Pinhf). — Sepals united into a five-toothed calyx; petals 
five ; stamens ten, inserted on a thickened receptacle under the ovary ; 
fruit many -seeded ; styles two to Hvq. Leaves opposite, without 
stipules. Home genera — Dianthm (including garden pinks, carnatious, 
&c.), Sa^foriaria (soap-root), Silem (catchfly), Lychnis (campion), 
Agroafemiua (corn-cockle), <&c. 

2. Aisinext. — Calyx tetr- or pentamerous, sepals distinct or deeply 
cleft ; stamens ten or fewer, forming a circle ; petals hve ; fruit many- 
seeded; styles two and hve. Leaves opposite, without stipules. Home 
genera — ISarjliiay SpergtUaf Arenaria (sand-wort), Siellaria (stoch- 
wort), Cerasfium^ &c. 

3. ParonychieiF.. — Calyx tetr- or pentamerous; petals small or absent; 
stamens three or ^\ii, united to the calyx ; fruit mostly one-seeded ; 
leaves opposite, with scarious stipules. Small weeds with inconspicuous 
flowers. Hei^niaria, Tllecebrumj and Seleranihus are typical genera. 

IV. 

MONOCHLAMYDEiii, > 

The Motwcldamydea' are chori]>etalous dicotyledons, with 
unisexual or hermaphrodite flowers, having mostly a brightly 

* (iitjek, mono§, ou« ; chlamjftt a mantle. 
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coloured perianth. The petals of the perianth are united into a 
longer or shorter tube, with three to five lobed or irregular 
throat Ovary superior or inferior, three to many seeded, never 
with central placenta; fruit usually dehiscent. Flowers never 
in catkins. Three orders. 

(36.) Euphorhidceoe {Euphorbias). — Flowers monoecious. Peri- 
anth hypogynous, four to five lobed, the lobes alternating with 
a fleshy involucre, enclosing five $ and one $ 
flower; the whole forms what is termed a 
Cyathium. Stamens free, often numerous ; 
ovary mostly stalked, three-celled, each cell 
one-seeded ; fruit when ripe dividing into three 
at the common central column (Fig. 220). — 

[3500.] Fig. 220. 

Euphorbia 
The EuphorhiacetH are herbs, shrubs, or trees, with Cyparissias. 

cylindrical or angular stems, containing milky juice. 

The leaves are scattered (in some cases are abortive), simple, and 

entire, rarely palmate. The Euphorbiacece are most numerous and 

attain their greatest development in the Tropics ; in this country they 

are chiefly represented by the genus Euphorbia, which contains many 

species. Bicinus communis is much cultivated for the sake of the 

castor-oil yielded by its seeds. {Phyllanihus (Fig. 20) also belongs to 

this order.) 

(37.) Thymdoeacece (the Lace-Bark Order). — Flowers regular, 
9 ; Perianth hypogynous, four to five lobed, tubular ; stamens 
four or eight, adnate to the tube of the corolla ; 
ovary sessile, one-celled, one-seeded, with one 
style and one stigma ; fruit a berry (Fig. 221). — 
[300.] 

The ThymelaBacese are low shrubs with simple 
leaves. They belong to the warmer regions of both 
Temperate Zones, and are especially numerous in South 
Africa. They grow in dry places. Daphne Mezereum, 
with red poisonous berries, is a typical home species. 

(38.) Aristolochiaceoe (Aristolochias). — Flowers 
9 ; perianth epigynous, almost regularly three 
lobed, or forming a long tube with irregular 
throat Stamens (with or without filaments) 
united to the ovary, six or twelve. Ovary six- ^^^ .^^^ 
ceUed, each cell with two rows of ovules. Stigmas Asanm 
six, or one, six-parted (Fig. 222). — [200.] europcpum. 




Fig. 221. 

Daphne 
Mezereum. 
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The AristolochiaceaB are land plants of the Torrid and Temperate 
Zones ; they have a persistent, sometimes climbing stem, and alternate 
simple leaves. AristohcMa Clematitia and Asarum europcBum are 
representative native species. A noteworthy allied order are the 
RafflesiacecBf of which Rafflesia Amoldi, an entirely leafless gigantic 
parasitic plant of Java and Sumatra, is a remarkable species. Its 
flowers are the largest known, measuring about a yard across. When 
faded they turn of a brownish colour, and smell like carrion, deceiving 
even the flies, which come and lay their eggs on them. Mistletoe 
( Vtscum album), the well-known parasite, is also allied. 

V. 

UMBELLIFLORiE. ^ 

The Umbelliflorce are choripetalous dicotyledons with herma- 
phrodite flowers, double floral envelope, and a perfectly inferior 
ovary. Calyx usually very slightly developed, in which case 
it forms a cushion-like ring, crowning the ovary immediately 
below the insertion of the petals. Corolla tetr- or peutamerous, 
its members alternating with those of the calyx, frequently not 
all of similar shape. Only one pent- or tetramerous whorl of 
stamens is developed, its members inserted at the throat of the 
calyx, and opposite the sepals. Ovary large, elongated, two- 
celled, each cell one-seeded (very rarely five-celled and five- 
seeded). Styles one or two, inserted on the flattened disk 
crowning the ovary. Inflorescence a simple or compound umbel 
or umbellate cyme. Two orders : — 

(39.) Uiribelliferce. — Calyx very slightly developed, ring-like 
or five-toothed. Petals five, inflexed tip ; frequently of different 
shapes, the flower being thereby rendered symmetrical (Fig. 233, 
I.). Calyx and corolla alike arise from the disk on the top of the 
ovary (II.). Stamens five, alternating with the petals (occasionally 
fewer by suppression). Sepals and petals rolled inwards in the bud. 
Ovary composed of two carpels (11. /, III.-VL), united through- 
out their entire length, each having a short, simple style {g II.). 
The upper surface of the carpels forms a two-fid fleshy disc 
in the centre of the flower {d I., 11.) The ovary (/ II.) is two- 
celled, each cell containing one large ovule, pendulous by a long 
stalk. When the fruit is ripe the two carpels separate and form 
two merocarps * (IV.), which remain attached above to a forked 

^ I^tin, umhella^ dim. of umbra, a khade ; /ofvo, to flourwh. 
* (jre«;k, m^M, a part ; carjuM, a fruit 



XJMBELLIFER*. 



143 



carpophore (comp. Fig. 126). The external surface of the 
pericarp is variously chaonellcd and ridged (V., VI.). The 
inflorescence is sometimes a simple (see Fig, 105, e.ff., water 
penny- wort, MydrocotyU), more usually a compound umbel (comp. 
Fig. 107, III. a, and Fig. 117, a), provided witli bracts and 
bractlets, rarely a capitulum {Eryngium, Doiidia). — [1300,] 




Fig. 223. 
fmfttid/tm.— I. Floret of HmirUu,m Sphondt^ium; sii time* 
enluged. IL The uune of Pattiaata tativa, longitudinal section ; 
Kfteen time! enlirged. III. Diagnm of UmbeUitene {Hrrarieum 
Sfiond^ium). IV. Fruit of carraway [Carvta C'amt) ; etUaiyed lix 
timei. V. Crou aection of fruit of Oi'mifo nroM (vater hillock). 
VI. The sarae of Cautalit dauc&ltUt. b Petala, ( Stamens, f Ovary, 
t Orutei, g Stylei, d DUk, p Flower-atalk. 

The Umhelliferte are annual or {lerennial herbs, rarely shrubs. The 
stem is frequently hollow, ite external surface channelled. It ia 
angular and jointed, a leaf arising at each joint. The leaves are rarely 
simple (Bupleurum, comp. Fi);. 40), hut as rarely really compound. 
They are almoat always pinnately cleft, and that so deeply that the 
indentations almont roach the midrib. They are either pinnate, bi 
pinnate, tripinnate, or compoundly pinnate. The roots uf many 
Umbelliferse are fleshy and esculent — Daucu» Carota (carrot), Padi' 
naea saliva (parsnip), Apium graveotens (celery). The fruits of otheia 
are used as spice, or yield aromatic oils — e.g., carraway (Carum Carui), 
fennel {Fcerticulutn officijiale), dill {Anethum (iraveolmig), anise (Pimpt- 
nella Anieum), coriander ((^nn'antfrum gativum). In some cases the 
whole plant is used in food — e.g., parsley (Petroaelinum sativum). 
Several native species of Umbelliferce are poisonous — e.ff., water hem- 
lock {CiciUa viroaa. Fig, 117), the hemlock {Cunium maculatum), and 
fool's jjarsley (jEfhusa Cunapiutn). The Umhellifene form a very 
distinct natural order, the various genera of which are easily recog- 
nised by their peculiar and similar habit. They are found plentifully 
in the Temperate Zones of both hemispheres, not at all in the Arctic 




I 
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regions, and very sparingly in the Tropics — in fact, only on mountains 
where the climatic conditions resemble our own. They are indigenous 
to Central and South Europe, the East, and Central Asia. Other 
species worthy of note are Sanicida europceoj Erifngium (sea-hoUy), 
.£gopodium Podagraria, Pimpinella Saxifraga (pimpernel), Sium^ 
Ldbanotis, Angelica sylvesiris, Archangdica offiHnalis (angelica), Peure- 
danum, Heraoleum SpJiondt/hiim, LcLsei'pitmw ^ TtrrilU^ Anthrisrwty 
ChfprophyUumy &c. 

(40.) Comaceoj (th£ Dogwood Order). — Calyx a slightly-toothed 

ring: stamens four, opposite the sepals; style 
one ; ovary two-celled and two-seeded ; fruit 
V drupaceous (Fig. 224 and Fig. 62).— [80.] 

7 A small order of the north temperate regions. 

Native species Cottius mnguinea (dogwood), and C 

masnda (the Cornelian cherry). Kelated are the 

Fio. 224. Araltarecr or ivy order, with similar but pentamerons 

Dogwood {Cornus lowers, and two or five-celled ovary. Hedera Helix 

mnffuinea). (ivy), and Aralia SieMdiiy a favourite greenhouse 

plant. 

VI. 

SAXIFRAGINiE.^ 

The Scm/ragincCj or Saxifrages, are choripetalous dicotyledons 
whose flowers, in contradistinction to those of the Umbelliflorse, 
have a well developed calyx, which, like the corolla, is pent- or 
tetranierous. Petals sometimes not well developed. Stamens 
five or numerous, arranged in one or two whorls, sometimes 
reduplicated ; when there is only one whorl present, it is usually 
opposite the sepals. Ovary rarely four-celled, usually two-celled, 
many-seeded. Corolla and stamens (as in the Umbellifera*) 

either epigynous or perigynous. Flowers regular 
y^- -v^y^ or symmetrical. Important orders, three. 
I T ^^\ (41.) Saa^ifragacecr {th4: Sari/rage Order). — 
I \^ y^ ^ I Calyx tetr- or pentamerous, free, or adhering to 

the ovary ; petals four or five (rai'ely suppressed) ; 

stamens in one whorl (four or five), or in two 
Fio. 226. whorls (eight or ten) ; ovary composed of two 
Saxifrage {Saxi carpcls, One or two celled, many-see<led. Fruit a 

fr^ gvanulaUi). ^^^^^ ^^^.j^ 225).— [800.] 

Small herbs of the Temperate and especially of the colder Zones, 

* T<atin, •rrxum, % rock ; franffo^ I break. 
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Alpine and rab-Alpine pUnU (Switzerland). Several nntive epeciea — 
saxifrage {Saxifraga, pentamerouB flowers, two-celled 
ovaiy), and Chryso^enium, tetiamerouB flowers, one- 
celled ovary. Parnasaia paluetria is telated. 

(42.) Bibeeiacta {the CurraiU Order). — Calyx 
four or five lobed, slightly adhering to the ovary ; . » W*^ /J 
petals four or five, inserted on the throat of the ^^^ritP 
calyx ; stamens four or five, opposite the sepals, 
arranged in one whorl ; ovary one-celled, many- 
seeded, with parietal placente. Fruit a berry °I^Xum)' ' 
(Fig. 126).— [60.] 

Shrubs, mostly thorny, with alternate leaves and esculent fruit, 
GODimon in temperate r^ons. The gooseberry {Rihet Groimiaria) 
and the currant (R. rubrum), &c., are our best-known species. 

(43.) PhUaddphacecB {the Mode Oraiige Blossom Order). — Calyx 
tetiamerous ; petals {ova ; stamenS' in two 
whorls of four, or more numerous, rarely 
ten ; ovary three or four celled, each cell 
many-seeded. Fruit a capsule (Fig. 227). 
-[50.] 

Thomlesa sbrube, with simple, opposite 
leaves, natives of the Temperate Zones. The 
mock orange blossom (Philadelphtu Coro- 
Ron'us — comp. Fig, 63, 1. IL), introduced into 
this country from South America, is now Mock'o^iii^'bli«om 
largely cultivated, as an also various species of {pkOadd^Ki Connaritit). 
Daiizia (comp. Fig. 142, a). 

VII. 
MTBTirLORA 

The Myrtifloras (Myrtles) are choripetalous dicotyledons, our 
native species having well-developed sepals and petals. Calyx 
di-,tetra-,orpentameroii8; corolla tetra- or pentamerous. Stamens 
either as many (two or four) as the sepals, and arranged in one 
whorl, or twice as many (eight or ten) in two whorls. Ovary 
two or four celled, few or many seeded, inferior or superior. 

Notn. — The Myrtiflorte and the Sazifraginie are very much alika 
Our Dative myrtles may be distinguished from our saxifrages in two 
ways :— (a.) Their ovary is completely inferior, that of the saxifrages 
median ; (6.) In the myrtles we find eight stamens and a four-celled 
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ovary, or two stamens and a two-celled, two-seeded ovary, featoros 
never found in the saxifrages. Of the Myrtiflorse there are numerous 
orders ; the following are indigenous : — 

(44.) Onagracea (the Evening Primrose Order), — Ovary com- 
pletely inferior ; sepals two or four ; petals two or four ; stamens 
two to eight ; ovary either two-celled, with each cell one -seeded, 

or four-celled and each cell 
many-seeded ; style one, stig- 
ma four-clefb; seeds mostly 
elongated. Fruit a siliqua or 
capsule (Fig. 228).— [300.] 

I. II. The Onagracece are found 

Fio. 228. everywhere, but mostly in the 

I. Willow herb {EpiUMum angufi^dium). warmer regions of North and 

II. Nightshade (Cfmea 2ute(iana). South America. Native genera 

are Epilobium (willow herb, of 
which there are many species — Fig. 61); (Enothera (the Evening 
Primrose, introduced from Virginia in the seventeenth century); 
CirccBa (enchanter's nightshades), and Trapa (Trapa natans is the water 
chestnut). Many species of the genus Fuchna are well-known culti- 
vated plants. 

(45.) Lythracece {the Loosestrife Order), — Ovary superior ; calyx 

toothed, persistent, tubular ; petals and sepals 
equal in number; petals alternate with the 
sepals, and adherent to the calyx, as are also 
the stamens. Ovary two-celled, many-seeded ; 
style one. Fruit a capsule (Fig. 229). — 
[300.] 

Fio 229 
y . .. /r^.,jL«„«. The LythracesB abound in warmer and sub- 

SaLicaria), tropical regions ; in this country they are but 

sparingly distributed. Our most important species, 

Lythrwn Saliran'Oy has six sepals, six petals, and twelve stamens. 

VIII. 

RoSIFLORiE. 

The Bosifiorce are choripetalous dicotyledons with well 
developed double floral envelope, corolla and calyx always 
regular, and either superior (as in the apples) or inferior (as 
in the almonds and roses). Calyx penta-, rarely tetramerous, 
forming below a more or less elongated tube called the Beceptaele. ^ 

* Many iMtUni^tn regard this an belonging to the axia. — Tr. 
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The five petals and the stamens arise from the throat of the 

receptacle (Calyciflone, comp. Fig. 90, 11., and Fig. 92, a). The 

number of dtunens is indefinite, rarely few (as many i 

petals), usually numerous (12 to 100). 

The ovary is very varied in its form. 

Either it is sit^le, and one or several 

celled, or it is apocarpous, and ve get 

several or many simple ovaries in a single A /A Uf /V/ / 

flower. Each one-celled ovary has a style O Aj) ^, Vj) iC) 



(Fig. 230) ; if the ovary is apocarpous, 
then there are as many styles as cells or 
carpels. The style is either at the apex 
of the ovary (Fig. 230, I., IV., V., IX.). 
or it arises from the side (II., 111.) ; 
stigma small, not prominent (V. - IX.), 
knob-like (l.-lll.), or feathered (IV.). 
Each ovary either single-seeded (I.-IV.) 
or several-seeded (VI., VII.). 

Three oiders of Kosiflorce are indigenous yikhJmaia vui^i 
to thi. country:- ^K-lTf^.'s^'Lifi 




Otariet of Roiijlora, — 
I. Roea (AoM pimpindli- 
falia) ; II. Lidies' mntle 



Corolla supenor. Calyx five-toothed, cam- <■""") ; VL Spmta laneto- 

1 , v J L 1 1 lota ; VII. QoincB {Oa- 

panulate or cup-shaped below, more or less j^ii, vuigaruy, viii. Pwr 
adherent to the ovary, persistent. Petals ('^ eammunU) % ix. 
five; stamens about twenty; both inserted 

on the throat of the calyx ; ovary one, inferior, two to five 
celled, each cell at least two-seeded ; styles two or five. Fruit 
a pome, surrounded by the withered calyx (Fig. 231). — [160.] 

Treaa or shrubB with scattered, stalked, mostly simple, leaves, 
and small stipules. Tbey are natives of the Temperate regions, bear 
esculent fruite, and have accordingly been cultivated 
fiom the most ancient times. Home species are 
the medlar (Mevpittu germanica), the Hawthorn 
(Cratcsgus Oxyaeantha), the quince (Cydonia mil- 
garis), the apple-tree {Fyrus Halite), the pear-tree (P. 
communis), the mountain ash {P. (tucuparia), &c. 

(47.) Amygdalaeea (the Almond Order). — Fio. 28i. 
Corolla inferior; calyx free, pentamerous, de- Pe»r {Para* eim- 
ciduous ; petals five ; stamens twenty, free, like """"J- 

the corolla inserted on a disk within the calyx. Ovary one, 
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one-celled and two-seeded, with one stjrle. Fruit a drape, 
containing only one seed (the other abortive, thoagh in the 

almond two seeds are frequently found in one 

fruit) (Fig, 232).— [100.] 

The Amygdalactx are trees or shmbe with 
scattered, simple, dentat« leaves and small stipulea 
(comp. Fig, 53), They are nearly all indigenoos to 
the Korth Temperate regions; the fruit (a dnipe) 
Fio. 232. and seeds of many are highly prized as orticlea of 
(Pmn Pad 1 ^°°^- Th^ youug shoota, the leaves, and the seeds 
yield prassic acid. The moat important species 
are the almond {Amygdalis amimunis), the peach (A. Perstea), the 
apricot (Prunus Armeniaca), the sloe (P. gpinosa), the greengage 
(P. ineititia), the damson (P. domegfKa), the plum {P. cerarifira), 
the Cherry {P. avium), the dwarf-cherry (P. Ceraeus). 

(48.) Rosacea (the Rose Order). — Corolla inferior; calyx four 
or five lobed, forming below a tube or cup which contains the 
---. ^ ovaries ; ' the five (seldom four) petals are, like the 
^■^^T^^v- numerous stamens (12-100), inserted on the throet 
fr''''^&'*'\ ' "' *^^ calyx. Ovaries several, each one-celled 
\Yv"^? ■.''/ 1 ^'^^ one-seeded, or several-seeded. Fruit moetly a 
^ ^S^^S - nntlet;n[iorerarelydrupaceous(Fig.233),— [1070,] 
" ~ Trees, shrubs, or herbs of the Temperate regions of 

bothhemisphoies; leavescompaund,st«m and leaf-stalks 
Dog^TOM (flom often beset with thorns or prickles. Three faroiliea. 
oanma.j ^ Spirece, — Fruits mostly five, each two to four 

seeded, dehiscent. Shrubs and shrub-like plants, with piunate or com- 
pound leaves, and flowers in large clusteied panicles ; indigenous to tbe 
North Temjierate regions. The Spireis include the genus Spirwa, to 
which belong several home species ; many have been introduced into 
our gardens from Asia. 

2. Pofenlilleii:. — Fruits many, one-seeded, nut-like or drupaceous, 
indeluKent ; calyx persistent. Shrubs and herbs of the Temperate and 
Arctic regions of both hemispheres ; some also Alpine. Important 
home genera — Geuiii, Ilubue (bramble and raspberry), frayaria (stiaw- 
beny). Pofenhlla ; these are nearly all represented by numerous species. 

3. RoaeiM. — Fruits many, one-seeded, nut-like; calyx, when ripe, 
fleshy and coloured, forming a thick covering (hip) for the froita. 
Indigenous to the wanner regions of the North Temperate Zone. The 
KenuB Rota includes many species which grow wild in this country. 
The cultivation of Rasa eeiiH/oUa (the garden rose) is as old as history 
itself. Otto or attar of rosea is the essential oil obtained from the 
petala of R. eenli/iilia and R. daniatcena. Belated to the Roaacee are 
tbe Chrymixdanea', trees with simple, stalked, mostly leathery learee, 
found only in the Tropics. The fruits of some species a 

■ SoeXota, p.l«.— Tr. 
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IX. 

Lkgdminos^* 
The LeguminostB are choripetalous dicotyledons with superior 
ovary and two floral envelopes. Calyx (Fig. 234, d) free ; petals 
united, five - toothed or 
five-lobed, bilabiate, or 
withlobes of similar shape 
and size. Corolla spring- 
ing from the bottom of 
the calyx, irregular, 
originally composed of 
five petals; by onion 
of the two lower petals 
apparently reduced to 
four. (In a few ex- 
ceptional coses all the 
petals are united at their 




N^^ 



Fio. 234. 
Labumum ( Cytiial Laburnun 



_ __ ..J ,. L Entire 

bases.) The upper petal is flower; II. standard; III. Winm; IV. V. 
staiKea ana Dent nacK {a), ^ i^^^„ . ^ g^yig ^^ atigma. 
it is called the vexiUwm or 

standard ; the two side petals are the alw or winffs (h, b), the two 
lower (united) form the carina or keel. Within these are the 
sbimens and the ovary. The 
comparative size of the diffe- 
rent parts of the corolla is 
subject to great variations in 
the different genera. In Fig. 
235 we have a full -sized 
representation of the beautiful 
coral-red flower of Erythrina 
Crista gaili, an almost tree- 
like, papilionaceous plant. 
The vexillum (a) and the 
carina (c) are lai^e and con- 
spicuous ; the wings seem 
almost entirely absent ; all 
that remains of them are the „ , p ^, ! A.. . 

,, , , , ,,. Flower of EryAriita Cmta gaUi; nat 

small red petals (b), one on axe. (The dew^ption of the parts in Fig. 

each side of the vexillum. 234 appiie. ai-o to Fig. 235.) 

' Latin, Uifumcn, a pod. 
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The stamens, ten in number, spring like the corolla from the 
bottom of the calyx. Either they all unite to form one bundle 
(Fig. 234, v.), or nine are united, the tenth free (comp. Fig. 96, 
IV.), (Fig. 236, I. II.). The ovary is peculiar, and is charac- 
teristic only of the Leguminosse. It is composed of one carpeL 

which lies opposite the lowest 
^^T^ //'j^^^^^X ^^P^^- ^^ ^^ one-celled and several-- 
// ^Mfc\ A i I X r^ Xi I ^®®^^» *'^® ovules (several or 
\\^S^J}/\^SS^^^ many) lying in two long rows 
>>^^^^ V^tP^y opposite to the vexillum. Style 

one. Fruit a legume, dehiscent by 
Fig. 236. both sutures, or lomentum (comp. 

l.Yetch{VieiaOraeea), Stamens in Fig. 127). Only one SUb-order 
two bundles (9 + 1). II. Laburaam ^ t • • j- a. 

{Cytitui Laburnum). Stamens aU in Of LegUmmOSBB IS indigenous tO 

one bundle. this country. 

(49.) PapUionacece, — ^The characteristics of the Papilionacese 
have been given above. — [3000.] 

The PapilionacesB form one of the laigest and most well-defined 
natural orders, the peculiar structure of their flowers and fruit render- 
ing them easily distinguishable. Many species are cultivated as garden 
plants for the sake of their handsome flowers ; many for the sake of 
their seeds, which form food both for man and the domestic animals. 
The order is represented in all climates ; in the Tropics the prevailing 
species are mostly trees and shrubs ; in sub-tropical regions, shrub-like 
plants ; and in the Temperate and colder Zones, mere herbs. Hence, 
from the character of the Papilionacese in any region, we may form 
un idea of the general characteristics of its entire flora. 

Our home Papilionaceae may be divided into several families and a 
number of sub-families, which are distinguished from one another by 
the formation of the legume, by the manner in which the filaments 
are united by the form of inflorescence, &c. As, however, these 
features are not constant in all members of each group, it will be 
sufficient here simply to indicate some of the more important European 
genera. These are — Ulex (whin), Harotha^nnuB (broom), Genufta^ 
(Ji/tisus (laburnum), Lnjnwis (lupin), OnontSy AnihyUiSy Medicoga 
(snail clover), Meh'lofwty Trifolium (clover, many species), Lotwsy 
Rofnnia (locust, introduced from North America), Antrcufoltuty Orwi- 
thopiiSy Onobryrliiny Vicia (vetch), Ervuin (lentil), Ptmm (pea), 
Lathi/run (everlasting pea), Phcuteohts (bean). Many foreign species 
are noted for their useful products, e.g,y Tragacanth {Agtragalus vertu^ 
A. rrcfirutfy A. Trcu/orantha, from which gum is obtained), Glycirrkiia 
(litfuorice), Cirer (chick pea), Imligofera tinctoria (indigo), &c. 

Related to the Papilionaceae are the MimodecB or acaciaa. These 
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are tropical trees, mora rarely shrubs, with bi-pinnate or compound 
pinnate leaves. Aeaeia nilotiea abounds in the valley of the Nile 
and the oasee of the Libyan desert ; A. Se^'al is characteristic of the 
Tintumma steppe in the southern part of the Sahara ; from A. Vereck, 
a native of Tropical Africa, gum arabic is obtained ; from A, Oaleehu, 
in the East Indies, gum catechu. 

A thiid related order are the Ctegaipinue, mostly trees, growing only 
,in warm dimatea. Senna leaves are obtained from a sp^ies of CoMia ; 
the pod of Ceralonia SUiqua is the well-known locust or carob bean ; 
logwood is the wood of HaMiatoxylon eampechiaiuan, a West Indian 
species, Brazil wood of C(B«alpima echiTtata, a Brazilian species. , 



POLTCABPIC*.' 

The PolycarpiccE are choripetaloua dicotyledons with superior 
pistil Stamens and floral envelopes are inserted on the re- 
ceptacle (Thalamiilone). They are dis* 
tingoished, on the one hand, by their 
Qmneroua separate one-celled ovaries, each 
composed of one carpel, on tlie other, 
by their usually indefinite hypogynous 
stamens. The Serierideee, however, have, 
like the preceding order, a single ovary- 
composed of one carpel, and a definite 
number of stamens, while the NymphaxuxeE 
orders furnish a transition to the next 
order (p. 155), chiefly on account of the Fio. 237. 

peculiar formation of the ovary, as we SinRie »nd levena-Beeded 
shaU presently see. ""''• °^ ^-^"^'^"^'^ 

Usually both floral envelopes are present, more rarely {Ranun- 
culacea) we find a perianth of six or more parts ; calyx penta-, 
rarely hexamerous ; petals five, six, or numerous, never four (as 
in the following class). Stamens six or numerous (by radial 
reduplication). The separate ovaries are composed of one carpel, 
are one-celled and mostly one seeded, more rarely several-seeded 
(Fig, 237). Three orders represented in this country. 

(50.) BerberidecB {the Barberry Ord^r). — Sepals four or six, 
often petaloid ; petals also four or six, opposite to sepals, each 

> Greek, poly, nuuiy ; oarpot, ■ fruit. 
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with an appendage on the inner side of its base. Stamens 
-^ as many as and opposite to the petals. Ovary 

one, simple, one-celled, few-seeded; style one. 
Fruit a berry (Fig. 238).— [100-] 

A email order of the Northern Temperate regions 
(Europe, Siberia, China, Japan, North America). 
' Shnite, often thorny, rarely shiiib-like herbs, with 
stalked, alternate leaves. Kative species Barberry 
(Berberui vulgaris; flowers hexamerona) ; Epimedium 
(an Alpine species, flowers tetramerous) has been in- 
troduced ; also the Hahonia {Mahonia AquifoKum, a North American 
species ; flowers hexamerous). 

Related to the Berberidece aie the Menitpermaxfe, Myrixtieaeece, 
Anonacem, and Magnoliacem, mostly trees ol tropical and sub-tropical 





Fig. 239. Fio. 240. Flo. 2*1. Flo. S42. 

'nsveller'a Joy Anemone Bnttennip Monk'a-hood 

{CUmatU Viuttha). (JnemcnK notonMa). (Aanunmlw lum). [Ateuituwi 

NapMiu). 

regions, " Cocculus ludicus " consists of the poisonous berries of 
Anamiria CoectUitt, an I'^t Indian species of Menispermacss ; the 
nutmeg is the seed of Myrittiea fraip-an», a species of MyristicaoMB 
found in the Moluccas ; the tulip-tree (Ltrwdeniiron tulipi/era) and 
the magnolia {Magnolia ep.) are trees of 
the order Magnoliaceffl, much cultivated 
for their handsome flowers. 

(51.) Sanunculacecc {the Crowfoot 
Order). — Sepals usually five, more 
rarely three, four, or six ; petals eqnal 
to and alternating with the sepals, or 
more numerous (f.i; , three or four times 



as many), simple, or developed into 

Flu. iix peculiar sac-like stnicturea. In many 

AjuiUyia vuiffarit. cases the flowcr conststs of a perianth 

of four, five, six, or more parts (Figs. 239, 240). Flower either 

regular or s}-nimetrical (Fig. 242). Stamens indefinite, variously 
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arranged (Figs. 239-243). Ovaries usually several or many, 
very rarely one. Each ovary simple, composed of one carpel, 
one or few seeded. Fruits aggregate, often forming a rounded 
mass, the individual fruitlets either indehiscent achenes, or, 
if several-seeded, dehiscent by one suture.— [1200.] 

The EanunculaceaB are herbs, more rarely shrubs, with alternate or 
opposite stalked leaves, usually much cleft (Fig. 34). They are to be 
met with all over the world, but chiefly in the temperate and colder 
regions. Many species are poisonous. 



FamUies of RanuncidacM. 

I. Leaves opposite, flowers simple, a four-parted 

perianth ; shrubs, 1. Climatidm. 

II. Leaves alternate ; flower a simple perianth, or 
with calyx and corolla ; petals and sepals five 
or more ; herbs. 

A. FniitletB one-seeded, indehiscent 

a. Ovule pendulous. Flower a perianth, or 
with calyx and corolla ; in the latter case 
the petals flat, with no scales at the base, 2. Aiikmovk& 

6. Ovule erect. Flower with calyx and corolla ; 

petals mostly with scales at the base, . 3. Ranukculjle 

B, Fruitlets several-seeded, mostly dehiscent. 

a. Anthers opening outwards. Flowers some- 
times symmetrical, the envelopes often 
forming a perianth, .... 4. Hillbbobic 

5. Anthers opening inwards. Flowers always 
regular, the envelopes never forming a 
perianth, 5. Ymovvul. 

Important types of these families are — 1. Cleniatideie. — Traveller's 
joy (Cleniaiis vitalha) and other cultivated species of Clematis ; climb- 
ing shrubs, mostly with large violet flowers, and tetramerous perianth. 
2. Anemaneae, — Meadow rue (Hialicirum), hepatica (Hepatica tri- 
loba)f pasque-flower {PvhcUilla pratensis), wood anemone {A?iefnone 
nemarosa with white, A» ranuncuUndea with yellow flowers), Adonis 
(Adofiia uistivalis and vemalts), 3. Banuvculem (the crowfoots). — 
Water buttercup (Batrachiumj with white flowers and submerged 
leaves, finely divided, Fig. 36), buttercup (Ranunculus, many home 
species, mostly with deeply cleft leaves). 4. Helleborece (the helle- 
bores). — Marsh marigold {Caltha palvstris), hellebore (Helleborus), 
Nigella, Aquilegia (columbine), Delphinium (larkspur), Aconitum 
(monk's-hood), nearly all cultivated species. 5. Pcnoniecb (the peonies). 
— Herb Christopher {Actcea, with small white flowers), peony {Fieonia, 
with large bright or deep red flowers, a favourite garden plant). 
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(52.) Ifffrnpheeacea (Wata--Lilies). — Sepals mostly five, quin- 
cuncial (Fig. 244, I.), green or petaloid, corolla r^ular. 




II. PeUlo. frStamein 




petals numeroua (b. Fig. 244, II.) ; stamens many, partly petal- 
oid, iorming several (e.g., five) whorU, Ovary many-celled 
(Fig. 245, l.-III.), resting 
on a flat disk (/, Fig. 244, 
II.). Fruit capsular. — 
[35.] 

The Nympbaeaueffi, a small 
order cliUBctenetic of warn 
and temperate regions, are in 
many respects remarkable. 
Aa regards tlieir petals, for 
instance, we find in a sinifle 
Hower all the stages of transi- 
tion between a perfect petal 
and a perfect stamen (Fig. 
245, rv. a-«) ; they there- 
fore afford the strongest evi- 
dence for the theory of the 
development of aUmens from 
leaf organs. Further, the 
Xympbii>accai liak togetber 
the Polycarpicec and the 
RbtDadina;. The carpels, in 
two foreign lutus-like families 
of Nymphsaceie (Cttbombea 
and Ndumbmiete), are separate, forming in a single flower several 
une-celltMl, uiany«Mxlod ovaries, while the flowers of our own water- 



§iU\ 



Flo. ajs. 

Wxtarlily |iYuj>Aar luUum). 
1 1. Ths ume, in longitudinal M 
ttuDS, tTMUvecM wction. IV. a-c Tna- 
■itiiiu fonna between p«t*U Mid ntunmi, 
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lilies have but one many-celled ovary, composed of many carpels, each 
cell containing numerous seeds. In structure, as in external appear- 
ance, this ovary considerably resembles that of the Ehoeadinse. 

The Nymphseaceae are herbaceous water-plants, with long-stalked, 
circular, renif orm, or ovate floating leaves, and large handsome flowers. 
They are confined to Tropical and Temperate regions, the most beautiful 
species being found in the Tropics. Our yellow water-lily {Nuphar 
luieum) and white water-lily (NympTicea alba) are well-known. Of 
foreign species we may note the lotus-flower {Nelumbium apedosuin of 
the Ganges and Nile ; was held sacred by the Hindoos and Egyptians) 
and the Victoria regia. The latter, which grows in still waters along 
the Amazon and other rivers of Tropical South America, is the largest 
of all water-plants. Its leaves may reach six feet in diameter; they 
are circular in shape, green above, red and prickly below. The 
flowers are white, strong perfumed, and may measure as much as 
eighteen inches across. 

XL 

RHCEADINiE. 1 

The HhoscuiincB or Poppies are choripetalous dicotyledons with 
superior ovary ; * the stamens and both floral envelopes are 
inserted on the receptacle. Flowers tetramerous, with two or 
four sepals and four petals, an arrangement highly character- 
istic. The ovary is composed of two or many carpels, and 
is few or many seeded. Stamens either indefinite and free, 
or few and partly united, or, again, six free, of which the two 
outer (episepalous) are short, the four inner (epipetalous) long. 
(This last arrangement is characteristic of Fumariace^.) The 
Ehceadinse form a link between the Polycarpicse and other 
classes. Familiar orders are as follows : — 

(53.) Papaveracece {Poppies), — Calyx composed of two carpels, 
caducous ; corolla regular ; petals four, in whorls of two (Fig. 
246, III., VIII.), the outer alternating with the sepals, the 
inner opposite to them. Stamens indefinite, ovary composed of 
many (II.), or one or two (VI., VII.) carpels. In the former 
case the ovary is incompletely many-celled, many-seeded, with 
ovules attached to parietal placentae. In the latter case the 
ovary is one-celled, with ovules arranged in four rows. Fruit, 
in the former case, a capsule, with porous "dehiscence (I.), in the 
latter case a siliqua (IV., VI.). — [60.] 

^ Latin, rhtetUt a poppy (from the Greek word for the name given to the plant 
by Theophrattua ; raifu is derived from roia or roo, the pomegranate, so called 
of it! colour). 
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The Fapaveracete aie herbs of the Xorth Xempente Zones ; thejr 
contain white or yellowish milky juice. Common genera are the com 
poppy {Papaver) and the celimdine {Ckdidonium). The narcotic 
opium is obtained from the milky 
Juice of the unripe capsule of 
i,y Papaver eomni/erum. 

(54) FuinariacuE (the Fami- 
tory Order). — Sepals two, email 
or absent j corolla irregular; 
petals four, in two whorls of 
two, one petal of the outer whorl 
spurred (Fig. 247 and Fig. 82). 
Stamens six, in one whorl, alter- 
nating with the sepals, united in 
threes (in some foreign species 
stamens four, distinct). Fruit a 
several-seeded siliqua, or a one> 
seeded nut.— [100.] 



A small order; delicate smooth 
herbs of Europe, North Africa, 
North Asia, and North America. 
CorydalU (fruit a siliqua) and 
Fumitory (Fumaria, fruit a nutlet) 
are found wild in this country. 
Dicentra (Dielytra) Hpefrtabilu is a 

(ri,S^" :iiii«): T si^^'Zi f"vourit« garden pUnt. 

npmila; twioe n»t. siie. II. Croaii 

•Mtiim of eapsule, tour tiiuea enluged. (09.) VrUCXftTO. {CrOSS-r lOVXTS). 

III. Diagnun. IV.-VIIL CeUndiiie folvT nf four RPnnIn in twn 

{Oulid^ium «^-u.). IV. Flower ; —^^V^ "l '0"^ SCpalS, m IWO 

V. Bud; VI. SiUqiu, at. aaa; VIL whorls of two, often caducous ; 
pi:^ tlCi-SWia™!; """I!? ■'S'J". petals four (o. 

wliorls, the outer with two long 

stamens, each opposite to one of the inner sepals; theinnerwith 

^ssxa^ four short stamens, each opposite to one 

-;i --|^ of the four petals. Ovar}- composed of 

i<r^M^V^V ^^"^ carpels; carpels opposite the outer 

£>epals, containing four rows of ovules, 

divided by a false dissepiment (replum, 

Fig. 248). Fruit a siliqua, dehiscing 

j.,y ojy Irom below upwards (comp. Fig. 129), 

tXr^d^lu imil>«a. or a nut.— [I:i00.] 




Fio. 2ifl. 




COLUMNIFERiE. 157 

The Cracifeias form a large and well-defined order common to both 
Temperate regions, but especially well represented in the Northern 
Hemisphere ; there are also Arctic and Alpine varieties. 
We have in this country some ten families, chiefly 
to be distinguished from one another by differences in 
the fruit and seed, but a more minute consideration 
of these is imnecessary in this work. Home repre- 
sentatives of this order are — Nasturtium (water- 
cress), Arabis, Cardamine, Hesperis, Stgymbriuniy 
Erysimum, Brattsica (which includes cabbage, turnip, 
rape, or colza, &c.), Sinapis (mustard), Alyssum, ^'®- ^^®- 
DrdbOy Cochlearia (scurvy-grass), TJilaspi, Lepidiwn Typical flower of 
(cress), Capsella (shepherd's puree), Isaiis (woad), CrudfenB. 
JRaphanus (radish), &c. Cheiranthus Cheiri (the wallflower), Matthida 
incana and M, annua (stocks) are cultivated species. 



XII. 

CiSTIFLORiE. 

The dstiflorce are choripetalous dicotyledons with superior 
ovary. Calyx, corolla, and stamens are inserted on the receptacle. 
Sepals five, petals five, in two whorls, alternating with each other ; 
stamens opposite the sepals, as many as the petals and sepals, 
or more numerous and variously arranged. Ovary usually com- 
posed of three carpels (Fig. 99, II.), one-celled, 
placentatiou parietal (the characteristic feature 
of the class). The class includes numerous small 
orders, the most important of which is the order — 

(56.) ViolacecB {Violets). — Flowers symmetrical; 
stamens five, inserted on a disk ; fruit a capsule 
(Fig. 249).— [240.] Fio. 249. 

The Violacea are found in all parts of the world ^ VioSk ctMina), 
(their tropical representatives have regular flowers); 
in this country they are herbs. The native genus Violet (Viola), 
includes a number of well-known species. The Droseracece (Sundews) 
and the Cistacece (rock-roses) are related. 

XIII. 

COLUMNlFERiE.^ 

The Columniferm are choripetalous dicotyledons with superior 
ovary. Sepals, petals, and stamens are inserted on the receptacle. 

^ T^tin, eUumna, a pillar ; ftro, I bear. 
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Calyx and corolla regular, pentamerous, alternate ; an epicalyx 
is also frequently present. Stamens always numerous, united 
into one, three, or several bundles (Fig. 96, II.). Ovary three 
or five celled, with three or five free styles. Fruit a capsule, 
rarely a berry (Fig. 250).— [210.] 

(57.) HypericoMcc {St, John! a Worts), — Calyx four or five lobed, 

aestivation quincuncial and convoluted. Petals five (or four). 

Stamens many, united to form three or five bundles (Fig. 96, II.). 

Ovar}'- three or five celled, with three or five free styles. Fruit 

• a capsule, rarely a berry (Fig. 250). — [210.] 

The Hypericacese form the connecting link between the CistiflonB and 

the Columniferse, being reckoned by many botanists as belonging to 

^i^ti ^ the former. Our indigenous Hypericacese are mostly 

y^;-^v\ herbs or shrub-like plants, but in the Tropics the 

w/M^^g^^wS order includes seversd trees, with simple, undivided, 

f I rCHD J I ^PP^^^ leaves, whose surface is dotted with trans- 

JL ^^fjmJj parent glands. One genus — Hypericum (flowets 

yS ^^j r^y yellow) — ^represents the order in this country. H. 

calyetnum, an Oriental species bearing large hand- 
some yellow flowers, is a favourite garden plant 



Fig. 250. 

St. John's wort 
{Hypericum per- 
foratum). 



(58.) Tiliacece (Linus or Lindens^ — Calyx 
of five or four sepals, aestivation valvular (Fig. 
251, I.). Petals five or four likewise. Stamens numerous, 
free, or united into several bundles. Ovary usually five-celled, 

with one style (II.). Fruit 
^'I nut-like, mostly indehiscent, 

often by suppression one- 
ceUed and one-seeded. — 
[330.] 

The TiliaceaB are trees or 

shrubs with scattered leaves; 

they are found mostly in the 

T- A imn* Aj- 1 T n ^ tt Tropics, a few genera only in 

Linden {TSha parvifoha), — I. Bud ; IL t^JT,^..!.^ *iw^"^«a T« ♦!»;• 
Calyx and ovwy ; IIL Diagram; 6 Temperate regions. In this 
Flower stalk ; h Calyx ; / Ovary (I. H. country the lime-trees {TUia 
twice nat sice). parvifolia and T. QrandifoUa) 

are familiar. 

(59.) Malvacece (Mallows), — Calyx rarely three, usually five 
lobed, valvate in aestivation; an epicalyx is often present 
(Fig. 71, I.)- Petals as many as with the lobes of the 
calyx ; aestivation imbricate. Stamens numerous, united into a 




Fio. 251. 
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single bundle, the nnited filaments forming a thick tube (the 
column, Fig. 96^. Ovary composed of many carpels, which are 
sometimes not perfectly united, each cell one or several seeded 
(Fig. 252).— [700.] 

Our indigenous mallows are herbs or shrub-like plants, but in the 
Tropics, their original home, the class includes many trees bearing 
beautiful flowers. In this country the class is repre- 
sented by the mallow (Malva) and the hollyhock 
(Althoea rosea), while Hibiscus and AhiUilon aro 
favourite greenhouse plants. From the cotton plant 
{Gossypium) we obtain the cotton of commerce, and 
the fine hairs covering the seeds of the cotton-tree 
{Bombax) are also utilised in the manufacture of t^ » 
cotton. A cotton-plant {Chssypium herbaceum) is ' 

now being largely cultivated in South Europe. ^^^^h^uiu)^'^ 

XIV. 

RUIN ALES. ^ 

The Oruinales (crane's-bills) are choripetalous dicotyledons 
with superior ovary. Calyx, corolla, and stamens are inserted 
on the receptacle. All the organs of the flower are pentamerous 
(very rarely tetramerous), and form five whorls (two whorls 
of stamens, rarely only one) ; sepals and petals usually free, 
stamens united to form a single bundle; the 
stamens are either united throughout the whole 
length of their filaments, or only at the base. 
Ovaries five, united, each with two ovules, one 
of which is suppressed, so that the fruit is one- 
seeded. One order is important : — 

(60.) Oeraniacm {the (7ran«VW/&).— Charac- ^^»-268. 

tenstlCS as above. anvumpraJtenH), 

Indigenous genera are Geranium (crane's-bill) and Erodium ; many 
species of Pelargonium are favourite garden and greenhouse plants. 

XV. 

JEsCJJLUfM.' 

The jEsauiince (horse-chestnuts and maples) are chori- 
petalous dicotyledons with superior ovary. Sepals, petals, and 

* Tjfttin, grus^ a crane. 

* Latin, CBMCutui, ihe hone-chestnut (seemingly believed by the Anciente to be 
a ipecies of oak). 
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stamens inserted in the receptacle. Calyx and corolla pent- 
amerous, stamens also originally pentamerous, but as a role 
several members of the staminal whorl are suppressed ; the 
ovary is two or three celled, few-seeded. Two orders. 

(61.) Sapindacece {the Horse-Chestnvi Order), — Calyx pent- 
amerous; sepals united; corolla irregular; stamens seven, 
of unequal length (Fig. 254). Ovary three-celled, each cell 
two-seeded. Fruit a one to three seeded, dehiscent, fleshy 
capsule.— [700.] 




Fio. 264. Fig. 255. Fio. 256. 

Hone-chestnut Samara of the maple (Jeer jDJolaiiobfet). Mi^e (Jeer 

{Aitcului Hippo- Pteudo'Platanua), 

eaaianuM), 

Trees of the warm and North Temperate regions, with beautiful 
palmate leaves ; the two most important species grown in this country, 
are the horse-chestnut, .^Isctilus Hippocastanum (with white flowers, 
a native of Persia), and JEsndus camea, 

(62.) Acerineoe (the Maple Order). — Calyx usually five (rarely 
foiur, six, or nine) lobed ; petals as many as the lobes of the 
calyx, and alternating with these, all of like size and shape, and 
of the same greenish colour as the calyx. Stamens usually 
eight, inserted on a thick, fleshy disk, which supports centrally 
the two or three celled winged ovary. Cells of the ovary two- 
seeded. Fruit a samara (Figs. 255, 256). — [50.] 

Lofty trees of the North Temperate Zone, with opposite, usually 
palmately-lobed leaves ; the wood of all the species is firm and tough. 
The sap of the North American sugar maple (Acer ecuxJiarinum) is 
manufactured into sugar. Acer campestre^ A. platandtdes^ A. Peeudo^ 
PlatanuB^ are species found in this country ; A. Negundo and saceJia- 
rinum, from North America, and A. tnowpeasulanum, from South 
Europe, are occasionally introduced by horticulturists. 
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XVI. 
FRANGULINiE.^ 

The PrangulifUBt or Buckthorns, are choripetalous dicotyle- 
dons with superior ovary. Sepals, petals, and stamens inserted 
on the receptacle; flowers always regular; stamens five, epi- 
petalous ; ovary mostly two- celled, the cells one or two seeded. 
Two orders. 

(63.) ShamnacecB (the Buckthorn Order). — Floral envelopes 
small, penta-, rarely tetramerous ; stamens five (four), opposite 
to the petals. Ovary two to four 
celled, cells one -seeded; style 
one; stigmas equal in number 
to the cells of the ovary. Fruit 
baccate (Fig. 257).— [430.] 

Shrubs of tropical and temperate t^ «,», « «i.« 

_ . D, '^ Ai. ^' ux. Fio. 267. Fio. 258. 

regions; Rhamnus catharttcus (the 

buckthorn), and B. frangtda are ^^"^"pj^^"^ ^'°^ & "^""^ 
familiar home species. ^ * 

(64.) AmpdidecB {the Vine Ordei*). — Calyx entire or slightly 
four to five toothed; petals five (four); stamens as many as 
the petals, and opposite them. Ovary two-celled, each cell two- 
seeded ; one style and one stigma ; fruit a berry (Fig. 258). — 
[250.] 

Indigenous to the warm and temperate regions; climbing shrubs, 
bearing tendnls and lobed or palmate leaves. To this order belongs 
the common vine ( Vitis vinifera), perhaps origiDally a native of Tem- 
perate Europe. About 1300 species of Vitis have been artificially 
produced, and are now widely cultivated in Europe. Various species 
of Ampelopsis (Virginian creeper) are frequently seen in our gardens. 

^ Latin, frangula, the buckthorn. 
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PHYSIOLOGICAL BOTANY. 

Flowers and Insects. 

In Part I. we considered the plant as a whole, then each set of 
organs in particular, the mutual relations of the various oi^gans, 
and the forms which each may assume in different plants. 

In Part II. we examined the more important groups of the 
so-called higher plants or Phanerogams, From this examination 
we gained a knowledge of the peculiar forms of floral structure, 
&c., characteristic of those groups, and saw how the same organs 
may appear in different species under the most diverse aspects. 

As yet, however, nothing has been said as regards the functions 
of those organs. Here and there something of them may have 
been hinted at in a casual manner, but even these hints only 
applied to such general functions as are universally known. We 
may have said, for example, that it is the function of the root to 
absorb liquid nourishment, or that the flower only exists for the 
development of the fruit, but nothing further. To take another 
example : although we may now know a good deal as regards 
the shape and general appearance of the foliage leaves, we have 
learned absolutely nothing of the duties which they fulfil during 
the life of the plant. 

A knowledge of the peculiar functions of an organ is, however, 
just as important as a knowledge of its peculiar form. Accord- 
ingly, we shall now proceed to take up in Part III. the Fundiofmof 
the Flmver, We shall thus have an opportunity of making use of 
the knowledge we have already acquired, while adding to it new 
facts regarding the uses of the various sets of organs. We shall 
see, moreover, that the form exhibited by a particular flower or a 
particular organ is assumed in accordance with the functions it 
has to perform. 



PERTILI8A.TI0K. 



I.— FERTILISATION. 



A flower consists, as we already know, of the floral envelopes, 
the itamms, and the pistiL Of these the non-esaetUial parts are 
the floral envelopes ; the essential, the stamens and the pistiL 

The stamens and the pistils are either found leather in the game 
flower (fiermaphrodite Jlowen, 1} ), or the stamens are confined to one 
&ovet{malefiouier, ^ ), the ovary to mathor (femal'! flower, y). When 
male and female flowers grow together on the same individual, the 
plant is said to be vumeenous ; when the male flowers are confined to 
one individna], the female to another, the plant is said to be dicecioiu. 
We must note also that certain species beai flowers, which have 
neither stamens nor pistil (neuter floteers), as is the case with the 
Guelder rose, Hydrangea, &d., but such flowers never develop fruit. 
The flowers of any plant are never exeitisively neuter, but are partly 
neuter, partly hermaphrodite or unisexual. 



1. — The Floral Envelopes. 
It by no means follows from what has been said as teganis 
the floral envelopes being non-essectlAl parts of the flower, that 
they are in any way to be regarded as 
superfluous. Thus it is easy to see, 
for example, that the beautiful bine 
corolla of the campanula serves as a 
protective covering for the stamens and 
pistil which it conceals. It shelters 
the internal organs against wind and 
weather. It has been discovered that 
pollen is soon rendered useless by the 
least exposure to damp, and in the case *'<'■ '■'&»■ 

of the bellflower we see how well cal- „^'"^°'tf'Sta!!rf'^"lti^ 
Calated the corolla is to prevent the (nat. buk). a Stem ; < Flawer- 

occurrence of such a casualty. The '^^.J ^""^i » **«; 
figure shows the flower in its natui-al 

position on the upright stem (a). The flower-stalk (s) bends 
over from the stem, so that the throat of the flower (6) is directed 
downwards. The outer surface of the flower being convex, any 
rain that may fall on it simply forms into drops and trickles off, 
none being permitted to make its way to the interior of the 
flower. 
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2.—Tite Stamens. 

We already know that a stamen consists of two parts, the 

filament, which is crowned by two small, mostly yellow, sac-like 

bodies — the atUher. We saw further that, when the flower is in 

bloom, the anthers open by a. longitudinal or transverse slit, or 

by pores, through which the pollen or yellow dust contained in 

the anther is shed. The structure 

of an anther may be well seen in a 

, thin transverse slice taken from an 

anther of sufficient size (say of the 

fritillary). The section must be 

placed between two pieces of glass 

and examined with a lens. In the 

middle of the slice will be seen ft 

Tramverie«ecti™ of tfaeukther thin round Space, with a dark centre 

of friUUary {PrUUlaria imprri- (■„) the tranaveise section of the fiia- 

alit) ; fifteen timea enluged. o ' ' „ . , . , ■' "^ , 

FiUnient ; 4 6 Anthen ; c Suture ; ment. On either Slue 816 the 

i.£i IwS rhVl?! '■"l"™ (» »)■ They a,^ composed of 
w Outer wkii (Bomenb&t dkgrun- a membranous outer wall [w) en- 
™"'°*' closing a cavity (e). Previous to the 

opening of the anthers this cavity is filled with pollen grains (s). 
There are usually thousands of pollen grains in each anther. 
When the stamen is ripe, the anther opens along a notch or 
suture, which runs throughout its whole length (the section 
passes through it at the point c). This is the dehiscence of the 
anther. Having separated, the free edges of the suture curl 
outwards or inwards, leaving an opening (as at d) through which 
the pollen may pass out. As the pollen grains are in many 
cases rather sticky, they usually adhere to the external surface 
of the anther (Fig. 95, 1.-III). 

Z.—Tke Pollen. 

When looked at through the microscope, pollen is seen to 
consist of a large number of small rounded bodies, all of pretty 
much the same size. 

Let us compare the poUen grains of several different plants 
(Fig. 261). The pollen grain of the hazel (I.) is rounded in 
shape, smooth on tlie surface, but with three small protuberances 
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(k), at one end of each of which is a small round orifice. In 
other plants, e.g., hazel-wort (III.)> the surface of the pollen 
grain is not quite smooth, but ia dotted with little wart-like 
prominences. Others again, e.^., the v 
colt's-foot (II,), have the surface of ,r-^4i^i 
the pollen grain beaet with strong ~f''\'\'''.\ 
prickles. In the hepatica (IV.) the J-. ■'.'-"■..Vt^ 
pollen grain is not rounded but ^ 
elliptical in shape. Other forms are 
rare. The pollen of the pines (V. 
is well worthy of note. Each grain 
is slightly elongated, and has at the 
sides two small, delicate, mem- 
branous sacs, on the surface of which 
a dark network is seen. These sacs 
(aii^sacs) are filled with air, and 
serve to support the grain in' the 
atmosphere, so that it may be carried 
a long way by the wind. 

In Bome owes (e^-.the pollen of the ^^^^ p^^j.J^^ . „£ Hawllwort 
Orchids and Asclepiads), the pollen (j*,rum(u™iufnj; IV. Hepitii 
grains do not separate after the de- (Hepaiita ■ ■ • ■ ■■ - -■ 
hiMcnce of the anther, but remain 'yivt^'i*), 
boimd together by a number of elastic ™*'*" '< ' 
threads. They are then said to form paUen-magsen or PolUnia. 

The number of pollen grains produced by a single flower is euormouB, 
aa any one will readily admit who has shaken a hazel-bush when in 
bloeaom. The individual grains are almost invisible to the naked eye, 
yet when the tutkins ere shaken the air is filled with a cloud of whitish 
yellow dust, — the pollen. If we catch a little of it on a piece of black 
paper, we see the grains as small yellow dots, but it is impossible to 
count them. It has beeu calculated, however, that a single flower of 
hibiscus produces about 4900 grains, one of dandelion 243,600, one 
of the peony 3,664,000. 

There is an apparatus called the micrometer, by which, under the 
microscope, we can measure the actual size of a pollen grain. In the 
following table we have the diameter of the pollen of a number of 
early spring flowers, dtc : — 

Hazel (Corylua Avellana), .... -03 mm. 

Speedwell (Veronica hedercBfolia), 
Chick-weed {Stellaria media), 
Colt's-foot [Tntailago Farfara), 
Asarabacca {Aenrum eurnpceum), 



Via. 261. 
PoBtn Omini.—l. Huel (Cbry 



;) ; V. Pine (Pinut 
— nwgiiified 30 D dia- 



04 mm. 
■04 mm. 
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Hellebore {Helleborua viridui), ... 01 mm. 

Hepatica (HepaOca triloba), .... -06 nun. 

BuTiaiiA (Musa ferruginea), .... '12 nuu. 

StKliina {Siretitma Reginee), . . -13 mm. 

Id most of the cases above cited the diameter of the pollen grain is 
-04 or y^ millimetre. There are thus 25 to the millimetre. The pollen 
grains of the banana are comparatively large — 8 to the millimeti«. 

The pollen shed from the anthere, whether sticky or dry, 
sooner or later reaches the stigma. Of the manner in which 
this is accomplished we shall learn more hereafler. 



The Stigma. 
Thu stigma is found at the summit of the ovary. Either it 
lies directly on the sum- 
mit, or, as more usually 
happens, the ovary is pro- 
longed above into a deli- 
cate stalk, at the point 
of which is the stigma. 
The stigma, as a rule, 
is easily recognised. In 
many cases it is made 
conspicuous by its shape, 
e.ff., in Weigelia (Fig. 58), 
where it forms a knoh-like 
promineace. But even 
when its shape is not 
at all conspicuous, it may 
be distinguished from the 
ovary and the style by 
its rough gar/ace. While 
the ovary and style are 
smooth, the stigma is 
entirely covered by ir^ 
regularitiee, or by long, 
stifi', usually greyish, hairs 
idho^a.b^'^; (Fig. 262). In the figure 
i":™^T^ (^''^"r" I. and II. represent the 

am eulu^ed ; V. [Tri- StlgmaolhaZOl-WOrt The 
unvalnpoa : fiiiuty ; y St^lt^ ; n Stignu. )?lll0l)th, and divides loto 




-I. II. 



Via. -Id-l. 

i-BrstMicca [Atarun 
/HFUui), viewed [rom 
fuur tUnei roUrijed 
eiiti^ata), aU timet 
{PlaMago major), five 
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air branches at its upper end ; each of these branches is beset 
with hairs at its extremity (n), and these hairy parts are the six 
stigmas. The stigmas of the begonia (III.) are similar. The 
thick, short, smooth style {g) divides into six branches, each of 
which has a large, rough, twisted stigma {n) ; the stigmas are 
united in pairs at the base. In Plantago (IV.) the greater part 
of the simple, unbranched style {g) is occupied by stigma (w), 
which forms a stiff brush-like body, covered with short thick 
hairs. Stigmas having very long hairs are those of Triglochin 
and the grasses. The stigma (n) of Triglochin (V.) lies directly 
on the summit of the long triangular ovary (/). It consists of 
a number of distinct, stiff, rather rigid hairs, which radiate from 
the centre in all directions. The stigmas (n) of the grasses 
(eg., of the reed Arundo DonaXy VI.), have a feathered an*ange- 
ment of the hairs. 

Supposing that a pollen grain lights on the stigma, it is 
detained there by the rough hairy surface. If the hairs are 
long, the arrangement for detaining the tiny pollen grain is 
particularly complete. Moreover (and this is especially so in 
cases where the hairs are short), a viscous fluid exudes from the 
stigma and covers its whole surface, so that the pollen grain, 
often sticky of itself, cannot but adhere. Once on the stigma, the 
pollen grain is a permanent prisoner, not even the most violent 
shaking of the plant by the wind being suf&cient to set it free. 

5. — Fecundation, 

The pollen grain having arrived at the stigma, let us now try 
to follow its further progress. If we watch it for some time we 
notice certain very remarkable changes taking place. With the 
aid of a microscope we can see projecting from the pore in one 
of the protuberances a slender process, the pollen-tvibe (see Fig. 
263). The figure represents a pollen grain of willow-herb magni- 
fied 600 diameters. The grain, like others already mentioned, 
is almost globular in shape, having three protuberances {k\ each 
very thin at the apex. It is surrounded externally by a double 
coat (a i), the internal cavity being filled with a viscid substance 
it), which contains a large number of minute granules — the pro- 
toplasm. The pollen-tube emerges as a short, colourless process 
{s) of the protoplasmic contents {t) of the grain, covered by a 
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delicate continuation of the inner coat Gradually the poUen-tnbe 
increases in length, penetrates the stigma^ and becomes deeply 
imbedded in its tissues. 
The longer it grows the 
further it pushes its 
way down through the 
stigma and style, until 
at last it reaches the 
interior of the ovary. 
Here it meets with the 
ovules, with one of 
which it becomes 
united. The ovule con- 
tains a cavity filled 
with fluid, tiie so-called 
enAryo-aac. The pollen- 
tube impinges upon 
the embryo-sac, pene- 
trates it, and com- 
municates some portion 

PolUngr<,in of wiu'-^'bwb (BpMiu^ a„g^. «f ^^ Contents. Only 
^ium), magnified 600 diuaeten. k Pore ; a Outer ; after the contents of 

mingled loilh thote of 
the cmhryo-sac is the latter in. a position to develop the etnhryo 
of a uew plant. If this mingling does not take place, the ovule 
cannot become a seed ; on the contrary, it speedily ceases to 
grow, and shrivels up or disappears. 

The mingling of the contents of the poUen-tvbe with those of the 
embryo-sac is tlie essential feature of the process offeeitndatton. 




6. — Cross Fertilisation. 
Many plants, as we already know, are hermaphrodiU, i.e., 
their flowers possess both stAmens and ovary. One would 
naturally suppose that in such flowers the pollen is simply 
shed on the stigma, where the grains develop their pollen-tubes, 
and the process of fertilisation completed as already described, 
the organs brought into contact being those of the aame flower. 
Rut in many instances this is by no means the case. It has 
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been shown by experiment that, as a rule, the pollen of a given 
flower is incapable of fertilising the ovules of that flower, 
UmcUly fertUisatian is only effective when the pollen is brought 
to the owlejrom another jlower of the same species. 

The following experiment suffices to show that the pollen of many 
plants produces no effect when laid on the stigma of the same flower. 
Two tulips in separate pots were brought into the house shortly before 
the flowers opened. The flower-buds were isolated by tying laige 
gauze bags over each. When full-blown the covering was removed 
from one flower, and by means of a fine camel's-hair brush, a little of 
the pollen from one of the ripe stamens wa^ laid on the stigma. 
Pollen from the same stamen was then laid on the stigma of the other 
tulip, after which both plants were again enveloped in their gauze 
coverings and left undisturbed. The result was that the ovary 
fertilised witii the pollen of the other flower, developed into a perfect 
fruit containing seeds capable of germinating, while that of the flower 
fertilised with its own pollen formed a stunted capsule, with seeds in- 
capable of germinating. 

The conveyance of pollen from the stamens to the stigma 
being termed feHUisation, the conveyance of the pollen to the 
stigma of the same flower is distinguished as self-fertilisation, or 
dose-fertilisatiaii ; the conveyance of pollen from the stamens of 
one flower to the stigma of another as o'oss-fertilisation. In the 
last case two flowers are said to cross with each other. 

We may therefore express the result of the above experimeiit 
thus: — Cross-fertilisation produces the greatest number of seeds 
capable of germinating, while self-fertilisation tevds to produce 
few or no seeds capable of germinating. 

It has been shown by experiment that even in cases where seeds 
capable of germinating are produced by self-fertilisation, there are 
certain important differences between Uiem and seeds produced by 
cross-fertilisation. 

1. Self-fertilised ovaries on the whole produce fewer seeds than 
CToes-fertilised ovaries of the same plant. 

2. The seeds produced by self-fertilisation are on an average smaller 
and lighter than those produced by cross-fertilisation. 

3. Plants which spring from seed which is the result of self- 
fertilisation are on an average smaller and weaker than those pro- 
duced from seed which is the result of cross-fertilisation. The former 
also produce fewer seeds than the latter. 

The correctness of these generalisations is easily shown. If we 
treat a number of plants after the manner described in the last 
experiment, fertilising some with their own pollen, some with the 
pollen of another individual of the same species, we can in due time 
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collect the ripe seeds from the two sorts and compare them. We 
shall then see that the cross-fertilised flowers have produced more and 
heavier seeds than the self-fertilised. If an equal number of seeds 
be selected from each sort, and sown in a flower-pot in such a way 
that each sort will be kept apart, there will be a marked difference 
between the two sets of seedlings thus obtained. The seedling pro- 
duced from the seeds of the cross-fertilised flowers will be much 
stronger than those produced from the other, a fact which becomes 
more and more evident with the continued growth of the plants. 

ThtiSy in the struggle for existence^ seeils which are the result of cross- 
fertilisation always tend to survive those which are the result of self- 
fertilisation. 

In nature, self-fertilisation is not unknown, but in many 
plants it only occurs if cross-fertilisation has not taken place. 
There are, however, some few plants in which self^ertilisation 
seems the rule. In most species regular or occasional cross- 
fertilisation — crossing between different individuals — ^takes place. 
In plants possessing male and female flowers this is a matter of 
course. But even among hermaphrodite flowers cross-fertilisation 
is common, nay, as we shaU see further on, in many cases self- 
fertilisation is absolutely impossible. Pollen is conveyed from 
one flower to another , either by the wind or by the intervention of 
animals, especially of insects. How this is effected we shall see 
in the next chapter. 

II.— WIND-FERTILISATIOK 

In many plants the transference of the pollen of one flower to 
the stigma of another (crossing) is accomplished by the wind. 
The extreme minuteness and lightness of the pollen grains 
enable them to keep afloat in the air for a long time. The 
wind thus frequently carries the pollen to considerable distances, 
where it may alight on the flowers of other individuals of the 
same species, thereafter remaining adherent to their stigmas. 
All plants fertilised by the wind are called anemophilous or 
wind-fertiUsed plants. 

There are also certain species of plants in which the transference of 
])ollen is effected by means of water. Such, for example, ia the well- 
known Vallisneria ( Vallisneria spiralis). This is a dioecious plant with 
bright green, linear, submerged leaves. It is a native of Italy, where 
it grows at the bottom of shallow streams. The female flowers open 
at the surface of the water, being borne on long spiral pedicels. The 
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male flowers break off under water from the parent organism, float 
to the surface, open there, and are carried by the current to the female 
flowers, which they fertilise. 

The arrangements found in anemophilous plants for effecting 
cross-fertilisation, and for rendering self-fertilisation almost im- 
possible, are as follows : — 

(1.) Wind-fertilised plants flower for the most part in spring, 
at a time, that is, when high winds prevail. 

(2.) The quantity of pollen produced is enormous. 

(3.) The pollen grains are dry, not viscid. 

(4.) The inflorescences, flowers or stamens, are so placed as to 
be easily shaken by the wind. 

(5.) The stigma is large, exposing to the pollen grains that 
may be flying about in its vicinity a very broad and hairy 
sui^ace. 

(6.) The position of the stigma in the flower is such as to be 
easily reached by the floating pollen grains. 

(7.) The floral envelopes are small, and do not cover stamens 
and stigma. 

(8.) Many wind-fertilised plants are dioecious, one individual 
bearing only male, another only female flowers. 

(9.) In those wind-fertilised flowers which are monoecious, or 
which bear hermaphrodite flowers, self-fertilisation in the same 
flower, or in the flowers of the same individual, is commonly 
prevented by the fact that their stigmas and anthers ripen at 
different times. 



Arrangements for ensuring CrosS'Fe)*tilisation in 

Anemophilovs Plants. 

(1.) The majority of our native deciduous trees are wind- 
fertilised. To this class belong, for example, the catkin-bearing 
trees (p. 134), the birch, the hazel, the aspen, the poplar, the elm, 
the oak, and others. In these the flowers develop before the 
leaves, so that the trees are in full blossom while the leaves are 
yet in the bud. Only in a few cases are flowers and leaves 
developed simultaneously. 

The trees above mentioned flower very early in the year — ^the 
hazel in February and March ; the aspen, the poplar, the black 
poplar, the elder, and the elm, in March or April; the beech. 
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the hedge-beech, the birch, and the oak in April or beginning of 
May, At this time high winds are common, and the trees being 
leafless, the wind can easily shake out the pollen from their 
anthers and carry it away. If the trees were then in full leaf, 
this could not be so readily accomplished, for the wind could not 
penetrate the foliage so as to reach the stamens thus protected. 
Moreover, the pollen, once shaken out, would simply fall upon 
the leaves, there to remain and wither uselessly. Finally there 
would be a great risk of the pollen never reaching the stigmas, 
were they also concealed beneath a mass of foliage. 

(2.) Qtiantity of Pollen, — In the case of the anemophilous 
plants, the quantity of pollen produced by a single flower is 
enormous. From a single blossom we frequently get a quantity 
sufficient to fertilise over a thousand ovaries. Suppose a plant 
of this kind to bear as many female as male flowers,^ then 
T^yy^ths of all the pollen produced might go to waste, if only the 
remaining yrnnr^^ were equally distributed over the stigmas of 
the female flowers. It is very evident that in the course of 
transport by the wind much pollen unavoidably gets lost. In 
the great majority of cases the pollen never reaches a stigma at 
all, but, falling on whatever surface may present itself, is simply 
wasted. Were it not for the enormous quantity of pollen pro- 
duced, fertilisation could not be effected to nearly such an extent 
as takes place under existing arrangements. 

(3.) Characteristics of the Pollen Grrains. — The grains of pollen, 
in the case of the anemophilous plants, are on the surface even, 
smooth, and dry (Fig. 261, 1.). When shaken out of the anthers 
by the wind, they therefore do not adhere to each other, but 
separate and float singly in the air. The anemophilous plants 
have dtLsty pollen. Had the grains of pollen a viscid surface, a 
number of them would stick together, and such an aggregation 
would, by reason of its greater weighty fall so much sooner to 
the ground, and so fail in its function of fertilisation. Most of 
the anemophilous plants, moreover, having but one-seeded 
ovaries, a single pollen grain reaching the stigma often suffices 
to effect fertilisation. By the adhesion, therefore, of several 
pollen grains, the quantity of fertilising material would only be 
reduced. 

* The male flowen, however, usoaUy far exceed the fem&le in nQiiil)err. 
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Amoi^ the anemophiloas plants the conifer? have pollen grains, 
which are provided with defbiite ot;gans for efTecting transport (the 
pines, for example, Fig. 261, V. a, p. 165). Their surface is greatly 
enlai^ed by weans of delicate hollovr air Tosicles, by which provision 
they are enabled to float fur a very long time in the atmosphere. 

(4.) Fosition of Flowers and Stamens. — The stamens, and of 
course the flowers, hold such a position on the plant as to be to 
the utmost degree exposed to the wind. Many anemophilous 
plants are trees, and for this reason much more accessible to the 
wind than are herbs rising but a little way above the ground. 
But irrespective of this point, the position of the flower is such 
aa to cause it to be easily shaken by the wind. Either the 
■whole inflorescence is such that the slightest breath will move 
it, or that of the individual flowers or stamens is so. 

Typical inflorescences of this sort are found in most of the 
catkin-bearing trees (hazel, birch, poplar, walnut, oak, &c.). The 
catkin is pendent at the time of flowering (Fig, 113, a, p. 65). 
The common peduncle (the main axis) is very slender, thread- 
like, and easily set in motion. In other plants, in many 
grasses, for example (Fig. 114, 11.), particular parts of the in- 
florescence (the spikelets) possess the last-named characteristic 
in a marked degree. The wild oat-grass (_Ave7ia /aiua), the 
quaking grass (Briza media. Fig. 264), the wind-grass (Agrostis) 
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Fig. 261.— Inflamcence ot the qukking grua [Bnta nudia) ; 

aUaralaza. Fig. 265. — Flower of tha meadow roe {Thidictram 

minut) ; three times enlarged. Fig. 266. — Flower of tbe wheat 

ITriticum mlgan) ; hi timee enlarged, n Stjgmea, « Stameiu. 

and others derive their very names from the mobility of their 
inflorescence. In dog's mercuiy the clustered inflorescences 
stand up stiff and straight, as do likewise the filaments 
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which are longer than the petals of the perianth (Fig. 68, 
a, p. 38). The whole inflorescence forms, so to speak, an elastic 
rod, which the merest touch will set into quick and long con- 
tinuing vibrations, in the course of which it rains down showers 
of pollen. 

In other wind-fertilised plants the inflorescence is not itself 
easily shaken, but the individual florets are set a-quaking by the 
lightest breeze. They are attached to long, slender, and deUcate 
peduncles^ their own weight causing them to assume a drooping 
position. Examples of plants having this type of inflorescence 
are sorrel, spinach, rhubarb, and hemp. 

In many anemophilous plants, again, both inflorescence and 
flowers are rigid, the stamens being alone exposed to the influ- 
ence of the wind. In this case the filaments are long and 
slender, and have drooping anthers, even when the flower itself 
grows straight upwards. When the scattering of the pollen 
depends on the fact that the stamens are easily moved by the 
wind, the stamens always protrude beyond the floral envelopes. 
Fig. 265 shows the blossom of the lesser meadow rue (Thalic" 
trum minus). The numerous stamens have very heavy anthers, 
and are considerably longer than the petals of the perianth ; like 
the whole flower, they are directed downwards. In Fig. 266 
we have the flower of a grass (wheat, Triticum vulgare). In 
contrast with the one we have just considered, this stands erect. 
Its three stamens («), however, project far beyond the rim of the 
perianth, and curve downwards so as fully to expose the long, 
bright yellow anthers to the wind. The merest touch sufiices to 
set them in motion, causing them to shed bom their anthers 
clouds of yellow pollen. 

(5.) Form of the Stigma, — The stigmas of wind-fertilised 
flowers are large, and bristle with long stiff hairs, which divei^ 
from each other, and form an admirable trap for the detention of 
stray grains of pollen. They, therefore, most commonly assume 
the appearance of a feather, or thick tuft of feathers (Fig. 262, 
V. VI., a, p. 166), of a whitish or grey colour. In some rare 
cases the »tigma is of a different colour — red, for example^ in the 
hazel. 

The stigmas of wind-fertilised plants are usually laige, particularly 
in cases where the flower-stalks bear single or few florets. If, on the 
other hand, the flowers fomi into thick clusters, tufts, or heads, the 
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individual stigmas aie smaller. In such a case all the stigmas of the 
infloiescence collectively offer a sufficiently hroad surface for the pollen 
grains to light on. The flowers on the female catkins of the poplars, 
for example, are arranged pretty closely ; the individual stigmas are 
therefore in this instance small. The same arrangement is ohserved 
in the hurr-reed, where the female florets form thick tufts. In a plant 
similar to the burr-reed — the well-known mace-reed {Typha angusti- 
folia) — the individual stigma is quite small, and assumes the form of a 
diminutive club-shaped knob. Seeing, however, that there are thou- 
sands of stigmas ranged close beside each other, composing the well- 
known mace of the plant, which is four or Ave inches long, and turns 
brown after a time, we have here a very broad surface on which the 
pollen grains may alight. In the case of the female flowers of the 
conifers (Fig. Ill) the florets forma thick inflorescence; stigmas there 
are none, but when the flowers open the naked ovules are seen each to 
have on their surface a drop of viscid fluid, which serves to detain any 
grains of pollen that may reach them. 

(6.) Position of the Stigma, — As with the position of the 
stamens, so that of the stigma, in relation to the various parts of 
the flower, is always such as to render it readily accessible by 
the pollen. What has been said of the position of the one 
applies equally well to that of the other. As in the case of the 
stamen, the stigma also projects beyond t1>e petals, either at the 
apex, or laterally (Grasses, Fig. 266, n), 

(7.) Size of the Floral Envelopes. — On contemplating the sta- 
mens and stigmas of wind-fertilised plants, it is evident that the 
petals of these plants must of necessity be small ; because, were 
they large — did they enclose (as in the case of many plants not 
dependent on the wind for fertilisation) the stamens and stigmas 
— ^the wind would be quite unable to shake the pollen from the 
anthers, and just as little able to deposit it on a stigma com- 
pletely enveloped in a large corolla. The floral envelopes of 
wind-fertilised plants are small, non-conspicuous, and green in 
colour. Wind-fertilised plants thus seem to have no flowers in 
the popular sense (see p. 40). Flowers with large and brightly 
coloured petals are to be found only in plants which are not 
wind-fertilised. In only a few wind-fertilised plants are calyx 
and corolla forthcoming ; usually petals and sepals form a 
perianth, but even that is frequently absent. 

(8.) Biosciovs Plants, — When it so happens that all the flowers 
with stamens ( <}) are confined to one individual, all the flowers 
with ovaries (?) to another, cross-fertilisation must necessarily 
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occur in every case. The dioecious state may therefore be 
described as an arrangement by which self-fertilisation, or a 
crossing between flowers of the same individual, is rendered 
impossible. 

(9.) Dichogamy, — Even, however, in anemophilous plants 
which are hermaphrodite, or in which male and female flowers 
are found on the same individual, we frequently find arrange* 
meuts calculated to prevent self-fertilisation, and to favour cross- 
fertilisation. Sucli an arrangement is that whereby intercrossing 
is secured by a difference in the time of maturity of stamens and 
stigmas. The stamens are mature when the anthers dehisce, and 
the pollen is shed. The stigma, again, is said to be mature 
when it is capable of receiving pollen on its surface, and of being 
penetrated by the pollen tube. Not till then do the hairs of the 
stigma become completely developed, nor is the viscid fluid 
secreted (see p. 167). Only when all these conditions are fulfiUed 
are stamens and stigmas said to be ripe. After stamens and 
stigmas have been mature for a certain time they begin to get 
dry. The pollen of the former in that case becomes useless, and 
the latter are no longer in a fit state to receive the pollen and 
become fertilised. 

By the word dichogamy we describe what occurs when in a 
9 flower, or $ and $ flowers on the same plant, the stamens 
and stigmas mature at different times ; but we must further 
distinguish the two following kinds of dichogamy. 

(a.) The stamens are already ripe while the stigmas are as 
yet unable to utilise the pollen, and only after the stamens are 
withered do the stigmas come to maturity. Development of 
the stamens before the stigmas is called Protandry (sign rf-$). 

(h,) The stigmas are already ripe, while the anthers have not 
yet opened so as to shed their pollen. When, later on, the 
stamens ripen, the stigmas have by that time withered. The 
development of stigmas before the stamens is called Pro- 
togyny (sign 9- cJ .) 

If all the individuals of dichogamous species of plants were 
to flower at precisely the same time, their fertilisation would be 
altogether impossible. It is, however, well known that in no 
kind of plant is such the case. If, for example, in a meadow a 
certain species is well represented, only a few specimens will 
be seen flowering at the beginning of the season. These have 
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developed earliest, and are already in bloom, while the majority 
are yet in bud. Then these come into flower, and finally, 
after almost aU are done flowering, a few stragglers will 
be found still surviving, and putting forth blossom. This 
difference in the time of flowering proceeds from many causes- 
Many individuals are enabled to develop earlier owing to their 
proximity to water, or to their advantage- 
ous situation as regards sun or soil, or the 
seed from which they spring may have 
been healthier and better developed, &c. 
Thus, through this difference in the time 
of flowering, an exchange of pollen between 
the individuals of a dichc^amous species 
is ensured. 

An example of protogyny ( 2 ■ (J ) among 
monoecious flowers we have in the 
burr-reed (Sparganium simplex) (Fig. 
267), already mentioned. The flowers 
are arranged in heads, those at the 
top of the stalk (<J) being composed 
solely of male flowers, those further 
down (3) solely of female flowers. The 
female florets are the first to mature, 
and through the ^ency of the wind 
receive the pollen from male flowers of 
another individual already ripe. After 
a time the stigmas wither, and now the 
male flowers develop and shed their 
pollen, the lowermost first, the upper 
subsequently. The figure represents a 
burr-reed in flower, the two heads of 
female florets already past. Of the male ^^ , , .-j ) ^f th« burr- 
florets the lowermost head is just begin- reed(^r?i"i.uni»iiii))iM); 
ning to shed its pollen, while the four ^e'flmvets. ^ 

above it have as yet no ripe stamens. In 

this plant, therefore, the crossing of two flowers of the same 
individual cannot by ordinary means be effected. On the con- 
trary, only crossing between two flowers of different individuals 
takes place, quite as in ditecious plants. 




Fio. 267. 
Frotogynaiu inflorea- 
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III.— TRANSFERENCE OF POLLEN BY ANIMALS. 

The number of plants in which the pollen is carried to the 
stigma by the wind is not very large when compared with the 
number of plants in which crossing is effected by animals. 
' More than all other kinds of animals, it is insects which perform 
the office of conveying the pollen to the stigma of another 
flower; at all events, in the case of all our native non- 
anemophilous plants. In contradistinction to the anemophilous 
plants, such are called entomophUmis or insect-fertilised plants. 

That animals, and more particularly insects, transfer pollen 
to the stigma of other flowers is a very remarkable fact. It is 
all the more remarkable, because these creatures can have no 
idea whatever of the process of fertilisation, which men them- 
selves have only made out with the aid of the microscope. 
They effect the transportation of the pollen, then, without 
having the least notion of the office they are discharging. 
In insect-fertilised flowera the parts are so arranged that the 
insects in visiting the blossoms come into contact with the 
anthers. A portion of the viscid pollen thus adheres to their 
bodies, which are mostly hairy. If, later on, they come to 
another flower of the same species of plant, the same part of 
their body comes into contact with the stigma of that flower, 
to which, therefore, some of the pollen with which it is covered 
is of course transferred. 

At this point, however, one will be ready to ask, what is the 
motive prompting the insects to visit the flowers of a plant regu- 
larly and frequently ? Seeing they have no manner of interest 
themselves either in the crossing or non-crossing of flowers, it is 
plain that we must seek some other motive as that to which their 
visits are to be attributed. Now, within such flowers are materials 
which are sought after by insects as food, and this it is which 
occasions them to make the regular visits in question. The 
greater part of their life is spent in search of such food. The 
diligence of the bees in gathering honey from the flowers is 
proverbial, and poet^ have often rhymed over the butterfly, and 
how it flits about from flower to flower. Few, however, are 
aware of the weighty mission in the vegetable world with which 
these and a whole host of otlier insects are encharged. 
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1. — Adaptations in Fi^owers for Fertilisation by Insects. 

Just as in wind-fertilised plants we discovered a series of 
peculiarities calculated to secure to them the advantage of cross- 
ing by the agency of the wind, so also do we find the form and 
relative position of the parts of insect-fertilised plants adapted 
in every respect to secure crossing by insects. Such flowers 
either offer special allurements to the insects, or have pecu- 
liarities of structure which subserve the work of crossing by 
animal agency ; and, moreover, have commonly such an arrange- 
ment of parts as to exclude those insects which would only con- 
sume their honied store without in any way promoting their 
fertilisation. 

A. Modes of Attracting, 

Insects are attracted to flowers either by their brilliant colour, 
their perfume, or the store of honey which they contain. 

(1.) Colour, — The larger a flower is, the more beautiful and 
brilliant its colour, the greater is its chance of being seen from a 
distance. Insects are just as sensible as human beings of differ- 
ences in size and colour, and pass over small and obscure flowers 
to frequent others of more striking appearance. 

The eyes of insects are usually two in number, hemispherical in 
shape, and each composed of a number of small hexagonal prisms, 
whence they are said to be compound or facetted. Some insects (bees, 
for example) have, in addition to those, three simple (supplementary) 
eyes on the top of the head. 

Flowers are rendered conspicuous by the brilliant colouring of 
the floral envelopes. The coloured part is usually the corolla, 
more rarely the calyx, or calyx and corolla together. Large 
floral envelopes are of advantage to insect-fertilised flowers, 
inasmuch as they give better protection to the parts which they 
enclose, while their conspicuousness makes the flower all the 
more striking. 

While, therefore, the flowers of wind-fertilised plants are small, 
inconspicuous, and green in colour (for reasons see p. 175), 
insect-fertilised flowers are comparatively large and brilliant. 

In many plants the individual flowers are large and striking, in 
others conspicuousness is produced by the fact that many flowers are 
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aggi^ated so aa to form collectively a large tnfloreeeenee. More niely 
it happens that the flowers or clustere of flowera owe their con- 
spicuousiiess to other parta than the envelopes; for example, the 
male catkins of the willow, which appear before the leaves, are 
visible at a considerable distance. Their conepieuousness, which 
attracts many insects, ia due to the beautiful brimstone colour 
of the anthers. Similarly the conspicuouBness of the blossoms of 
many Aastralian myrtles is due to the colour of the numerous long 
filaments. The figures 268 and 269 represent the flowers of two such 
myrtles (Fig. 268, the Eueulyptug ; Fig. 269, Metrosideros InixifoUa). 
Both possess a funnel-shaped calyx, the lip of which is either entire 
(Fig. 268) or five-toothed. In both flowere the petals are absent. 
The numerous stamens arise in a circle from the calyx, and are easily 
distinguishable at a distance. The colour of the filaments is pure 
white (in the plants shown in the tigure), bright red, or dark blue, and 
the anthers are also frequently brilliantly coloured. It ia the colour 
of these parts which attracts insects ; these plants can easily dispense 
with a protecting floral envelope, they being indigenous to parts of the 
Australian Continent, wliere little or no rnin falls during the flowering 
season. 

Erilliantly coloured flowers soem to be as attractive to insects as they 
are to man. It is no uncommon 
thing to see a latge wasp -like 
fly {Sijrphua) hovering long over 
the brilliant yellow flowers of 
the mullein ( Verbaxvm), with 
their purple fliamonts and oiange 
anthers, as if in admiration of 
this gorgeous display of colour. 
Equally attractive to a smaller 
via. ^69. species {Atcia) ia the beautifully 

raliui myrtles ; inaectn streaked blue corolla of the Speed- 
»re attracted by the numerous brilliuitly well (see Fig, 84, a). Other 
coloond ituneiu (peUU »re ibiwnt). \n„ee\A which Iivb ah l«nf» on 

Fig. 26».~.E«rai!fpiut. ¥ig. 289.- m^ectt wHich iive aa larvK on 
Wrt™»a™« tuii/o/.^; n»t. d«. Pitnd flesh {e.g., the blue-botUe) 

seem to prefer pale or dark 
purple blossoms, i.e., such as resemble in some measure the colour of 
putrid meat 

(2.) Perfunie. — The perfume of flowers is likewise a means of 
alluring insects. Many insects, the bees for example, seem to 
be attracted by the same odours as ourselves. The perfume of 
the violet, for instance, is a great favourite with these insects. 
The blossoms of other plants, again, possess the ofTensive smell 
of decomposing nmttors, such as putrid meat, &c., and this is 
equally attractive to the various species of carrion flies. 

Such flowers as are fertilised by niglit insects are dis- 
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tinguished by a strong perfume. In their case moths are 
the chief agents in effecting the transference of pollen. Such 
plants are also distinguished by large, pale, mostly white or 
bright yellow flowers, which of themselves render the plants 
perceptible at some distance ; yet, nevertheless, they would be 
but seldom visited by the moths, were they not attracted by the 
strong, sweet, penetrating scent. Well-known plants, fertilised 
by moths, and having pale sweet-scented flowers, are the honey- 
suckle (Lonicera Peridymenum) and the butterfly orchis {Haben- 
aria hifolia). 

It would appear that insects have the power of perceiving even 
faint perfumes at considerable distances. Their organ of smell is 
situated in the antennae, which in many species are very large, long, 
and tufted or fringed. In all probability the sense of smell is con- 
siderably more developed in many insects than in man. 

(3.) Food. — The insects in their visits to the various kinds of 
flowers having always the obtaining of food as their main object ; 
it is necessary for such flowers as would enjoy frequent and 
continued visits to keep an abundant store for the benefit of 
their guests. In the eyes of the more intelligent species 
of insect-s, colour and fragrance are but slight attractions 
compared with a plentiful supply of honey, and can only win for 
flowers possessing them the most occasional visits. That with 
insects utilitarian considerations preponderate over aesthetic 
ones, we have abundant evidence, for example, in the case of 
bees and butterflies. Thus, when a number of conspicuous 
flowers, some containing, some destitute of honey, stand side by 
side, the bees will be observed at first to enter either indis- 
criminately, but, becoming aware by experience of the fruitless- 
ness of their toil, they at length entirely confine their visits to 
those in which they have found the food they are in quest of. 

The foods obtained by insects from flowers are principally 
(a) honey or nectar, and (b) pollen. 

(a.) Honey {Nectar). — Most insect - fertilised flowers secrete 
a certain quantity of a clear sweet fluid, which is termed 
nectar.^ Essentially nectar consists of water in which sugary 
matters are dissolved. If, for example, we draw the corolla of 
the white dead-nettle (comp. Fig. 102, a) out of the calyx, and 

^ From the Greek, nectar ^ the clrink of the gods in Olympus. The word was 
applied by Virgil (Georgics, IV., 163, 164), to the honey of bees. 
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apply the lower end of the tube to the tip of the tongue, the 
sweetness of the nectar it contains Is at ouce apparent That 
part of the flower which is occupied by the nectar is called the 
nectary. The nectary may be found in very difTereDt situations 
in different plants, being developed sometimes on the corolla, 
sometimes on the stamens, oftenest, however, in relation to 
the pistil. 

If from the flower of the buttercup we remove one of the 
five yellow petals {b. Fig. 270, 1.), we find at the lower end (daw) 
a thickish rounded scale, which forms with the blade a 
sort of pocket This is the nectary, and while the plant is 
in flower it contains a drop of clear watery fluid — the uectar 
((, II.). In the yellow-rattle [Rhinanthus, III.) the nectary 
is formed by a scoop-shaped scale attached to the bottom 
of the ovary. This scale contains a globule of honey ((). 
In the case of umbelliferous plants (for instance, Anthrisev* 
sylvestris, IV.), the nectary is a two-lobed, thick and fleshy 
disk (n), resting on the surface of the ovary, and situated in the 
middle of the flower (Fig. 223, a, p. 143). The nectary occupies 




yettarUs.^l, Buttercup (/uinuncuiua ami); II. The 
ume in longitudiiul aection ; III. Yellow »tlJe ( Atrnortfliu); 
IV. UmbeUifer (inlhriKa, igli-riiri,) ; V. Monk's-hood 
{Aeonilum NaptUut). I, HI. three timei enluged ; II. 
eight times enlarued ; IV. six tiroes enluged ; V. nkt 
size, n NecUry ; b Petal ; t Nectar ; / k Ovu7 ; 1 1 Stklk. 

an entirely different position in the flower of the violet (III., Fig. 
271). Here two out of the five stamens foim the nectary. The 
anthers (a a) are attached to extremely short filaments, and are 
united. Each of the two lower filaments is continued back- 
wards into a small bright green process (n), which lies within 
the spur of the lower petal, and secretes the honey. Id the 
hellebore {Hdleborus viridis. Fig. 271, 1.), the small green incon- 
spicuous petals arc pouch-shaped, and when open are entirely 
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filled with Dectar. A very simUar arraDgemeut is found in 
the columbine (Aguilegia vidgaris. Fig. 271, 11.), where each of 
the five dark blue petals forms a funnel-shaped vessel tapering 
off into a long curved spur. The spur is thickened at its lower 
end in), and here the honey is secreted. The nectary of monk's- 
hood (Aconitum Napdlus, Fig. 270, V.), is yet more singular in 
shape. Deep within the flower are two long curved filamentous 
processes, each surmounted by a caplike structure (k). The 
latter is elastic, and in its innermoBt recesses the honey is 
secreted. The peculiar nectaries in this case are simply modified 
petals. Among our native plants the most ornamental nectary 
is that of the grass of Parnassus {Pamasaiia palustris. Fig. 272), 
Within the flower, between the petals (i I.) and the stamens (/) 
are five peculiarly shaped organs {s), each of which is a nectary 
(II.). The honey is secreted at the lower end, the spot being 
surrounded by some eleven white stalk-like processes, each sur- 
mounted by a yellow knob {k). 




Fia. 271. Fia. in. 

Fig. W\.—Ntetanet.—\. Hellsbora {Hdl^nymt xiridi*); It. 
Tiolet ( Vicla odonua) ; TIL Culumbine {Aqialegia mlgaru). L II. 
throe timet enlarged ; III. vaL >ize ; n Nectary ; a Anthen ; k 
Langthened coaaectdTS. Fig. 272. — GirMS of Puiumsub {Panuutia 
pdliulru) ; I. Flower, nat. size ; II. Nectary, sii times eolvged. 
p Pedunclti ; b Petals ; / Anthen ; t Neotaiy ; n Portion whsro 
nectar ia secirted : it Glandular process. 

From these examples it is eutficientlj clear that the nectary may be 
found in the most various parte of the flower. Id the ranunculue, 
hellebore, columbine, and monk's-hood the nectary is formed by part 
of the petals, in the violet by the stamens, and in the umbelliferous 
plants the nectary is borne upon the ovary. Thus the nectary may 
be represented by an independent organ, or one or other of the normal 
oigane of the flower may be modified so as to form it 

(6.) Pollen. — The pollen of many flowers is likewise utilised 
by insects as food. Many beetles, for example, consume the 
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pollen inside the flower itself ; others, like the bees, collect it 
on certain structures which they possess for the purpose, and bear 
it with them to the hiva Here they brush it from the body, 
and mix it with the honey which they have brought home, 
kneading the whole into a soft granular mass, which they devote 
to the nourishment of their larvae. This it is which is called bee- 
bread. That those plants whose pollen is abstracted in great 
quantities by insects for the preparation of honey, &c., produce 
far larger quantities of pollen than is necessary for fertilisation, 
is a fact sufficiently obvious. 

Besides nectar and pollen, some obtain other sorts of food from the 
flowers they visit. Butterflies, for instance, pierce the delicate wall of 
the spur of many species of orchids with their long proboscis, and 
abstract the fluid collected on its inner surface. Other insects devour 
certain parts of the corolla or the stamens. Such cases are, however, 
to be looked upon as exceptional — nectar or pollen being the usual 
attraction. 

3. — Form of the Flower. 

In addition to the powerful attractions of colour, fragrance, 
nectar, and pollen, many flowers manifest yet other contrivances 
for securing fertilisation by insects. Thus, for example, we have in 
insect-fertilised plants, as in wind-fertilised plants, characteristic 
peculiarities in the pollen or the stigmas. An important feature, 
too, is the position of the nectary, which is always adapted 
(especially in relation to the position occupied by stamens and 
stigmas) to promote the end in view. The various parts of the 
flower are always so arranged as to afford protection to the 
nectar against damage by rain, and at the same time facilitate 
the entrance of insects in quest of food. In fine, the whole 
structure of the flower is, in many coses, determined by the fact 
that the plant is dependent upon insect-fertilisation for survival, 
as we shall see in a later chapter. 

(4.) Peculiarities of tlie Pollen, — ^While the pollen of anemo- 
pliilous plants takes the form of a fine dust, the individual 
grains of which are dispersed by the wind (see p. 172), that of 
most insect-fertilised plants consists of sticky granules, which, 
by their viscidity, are enabled to adhere to one another when set 
free from the anthers ; first of all, indeed, their tendency is 
to remain adherent to the anthers themselves. Wind-fertilised 
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plants might therefore be called " plants having dusty pollen," 
insect-fertilised plants "plants having viscid pollen." There 
are but few insect-fertilised plants in which the pollen is 
not more or less viscid. 

We can easily see how important the viscidity of their pollen 
must be to insect-fertilised plants. If, like that of wind-ferti- 
lised plants, the pollen of insect-fertilised plants were dry and 
dusty, it would be carried away by the gentlest breath of wind, 
and would be incapable of adhering to the bodies of insects 
visiting the flower. When, however, each pollen grain possesses 
a sticky surface it readily adheres to the body of any insect 
coming in contact with it, and is thus carried to another flower, 
not even the movement of the insect in flying being sufficient to 
shake it off. 

(5.) Peculiarities in the Form and Structure of the Stigraa, — 
Just as in the plants formerly considered, the form and stinic- 
ture of the stigma were seen to be adapted to fertilisation by the 
wind, so we shall find in the plants now under consideration 
peculiar adaptations of that organ to fertilisation by insects. In 
contrast to that of wind-fertilised plants, the stigma of insect- 
fertilised plants is usually small. The ovary in the former 
is dependent for fertilisation on stray pollen grains deposited 
on the surface of its stigma by the wind. For the welfare of 
the flower, therefore, it is best that that surface should be as 
broad as possible. In insect-fertilised flowers, on the other 
hand, the position of the stigma is such that insects entering the 
flower in search of honey must touch it before reaching the 
nectary. Some of the pollen brushed off by their hairy bodies 
from the anthers of other flowers is thus deposited on the stigma, 
which, the better to detain it, is coated with a sticky fluid. 
Extent of surface is thus of no importance in the stigma of an 
insect-fertilised plant, seeing that it must be brushed against by 
all insects entering the flower. 

(6.) Position of the Nectary. — In insect-fertilised plants the 
position of the nectary is always such that an insect, in order to 
reach it, must come into contact with both anthers and stigma, 
either at once or in succession. It never happens, for instance, 
that the nectary is situated at the lip of the corolla, stamens and 
stigma at the base. Quite the reverse is, in fact, the case. 
While stigma and anthers reach to or even beyond the rim of 
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the corolla, the nectary, with its honey, lies hidden in the deepest 
recesses of the flower. Only in a few instances (with flat, e.g,^ 
rotate flowers) does the honey run a risk of being spoiled by 
rain, and so rendered unattractive to insects. In such flowers 
we find thick tufts of hair or small scale-like appendages arising 
from the corolla in such a way as to protect the nectary from 
all external harmful influences (c.^., many Boraginacese). 

(7.) Gfuides to Insects. — ^When an insect attracted by colour 
or fragrance alights on a flower in which honey is secreted, it is 
of great importance to the plant that its visitor should find what 
he is in search of without delay. The shorter the time he spends 
over one plant the more he can visit in a given time, the more there- 
fore can he fertilise. Accordingly we find that almost all plants 
which secrete honey are characterised by certain distinguishing 
marks, all pointing as clearly as possible to the exact spot where 
their treasure may be found. These marks are to the insect 
what the finger-post is to the wayfarer, guiding and directing 
him to his desired destination. They take the form of specks, 
spots, lines, and streaks on the corolla, distinguished from the 
general surface of the petals by their colour, and all converging 
towards one point. That point is the spot where the nectar is 
to be found. More rarely, brightly coloured hairs arranged on 
the surface of the corolla, stamens, &c. take the place of the 
more familiar streaks, spots, &c. 

A few examples will best serve to make us familiar with the 
various markings which serve insects as guides to the honey. 



.x*^ 




Fio. 278. 

Guide* to the Honey. — L Pansy ( Viola tricUor) ; II. CarthutiMi 
pink (Z>iantAta Oartusianorum) ; III. Wound- wort {^atkyt palutiris); 
two times enlarged ; IV. Field pink (DianthuM deUMfs). 

In the pansy (Fig. 273, I.), we find a number of straight or 
curving lines, sharply defined from the general yellow coloor 
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of the petals by their purple or dark blue colour, and all con- 
verging towards the centre of the flower. Here we have the 
entrance to the spur in which the nectar secreted by the two 
stamens (p. 182 ) is collected. The case of the pink is somewhat 
similar. On its five rose-coloured petals are fifteen blackish lines. 
These all converge to the centre of the flower, like the radii of a 
circle. Similar markings may be observed in the flower of the 
speedwell (comp. Fig. 84, a), only that here the numerous 
lines are of dark colour on a ground of bright blue. Light 
coloured markings on a dark ground occur in the flower of 
the wound-wort (III.). The flower is of a general dark purplish 
brown hue; the markings are formed by a number of bright 
red patches and lines, all pointing to the throat of the flower 
(see Fig. 86). Very similar are the markings on the hemp- 
nettle {Galeopsis versicolor ; see Fig. 86, a), only here the colour 
of the petals is rose pink, the markings dark purple. The 
field pink {Dianthus deltotdes, IV.), too, has markings which are 
brighter than the ground colour of the corolla. The petals are 
of a reddish purple tint, their bases being distinguished by five 
whitish spots, while over the general surface of each are scattered 
numerous smaller points, likewise white in colour. 

That these markings really conduct the insects to that part of the 
flower where the honey is concealed is well ascertained. Firstly, the 
fact has been established by careful observation ; and, secondly, it might 
be inferred from the circumstance that all anemophilous plants, and 
all such insect-fertilised flowers as are visited by the insects at night, 
have no special markings. In the case of the anemophilous plants 
markings would only serve to deceive insects, seeing that they secrete 
no honey, while in the case of the night-flowers all guides would be 
useless, since the darkness would render them invisible, and insects 
in search of honey would be as dependent on their sense of smell and 
touch as if no markings were present. 

(8.) Form of the Flower. — The form of the flower, especially 
that of the corolla, is, in respect of fertilisation by insects, by no 
means a matter of indifference. Frequently the flower is so 
constructed as to offer a convenient support to the insects that 
may have alighted on it while in the act of sucking the honey. 
If, for example, we glance at the labiate flower copied in Fig. 
86, a, we shall see at once that the casque-shaped upper 
lip (o) completely covers the anthers and stigma, while the 
three- cleft lower lip (u) is admirably adapted to form a support 
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on which an insect may rest while penetrating the flower in 
search of the nectary. We see, therefore, how in this flower the 
form of the corolla is must intimately connected with the visits 
of insects. In Fig. 274 we have a similar flower, that of the 
white dead nettle {Lamium album), and a humble-bee at work 
in it. Seated on the lower lip, the bee is busy sucking the 
honey. Fig. 275 shows the position taken by the honey-bee on 
the flower of the violet while extracting the nectai- from the spur. 
In the twayblade {Lidei'a wala, one of the orehids. Fig. 277) 
one of the petals is much elongated, and serves as a convenient 
resting-place for the small beetles {Grammoptera among others) 
which visit the flower. The long curved stamens of the horse- 
chestnut {^scubts Eippocastanum) are utilised by the humble- 
bee for a like purpose (Fig. 27t)). 

The form of the flower, however, is modified in connection 
with other conditions than these. Many plants are so entirely 
dependent upon insects for fertilisation, that if no insects visit 
them, fertilisation does not take place at all, self-fertilisatioD 
being impossible. Others, again, when the normal insect- 
fertilisatioQ does not occur, have arrangements whereby self- 
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Fig. 274. — A huinblK-bee {Bojiditu kortorvm) nD the Bnwer of the whJM 
dtad-nettlc Fig. 275.— Honey-bee [Aptt meUi^ltaa) in the flower of k 
violet. Fig. 276.— Humble-bee in the flonrer of banecbeatnut. Fi(. 
277.— A beetle iOrammoplcra) on the flower of the twkjbbdfl [LUUra 
orata) ; foor timen eoUrged. 

fertilisation is accomplished, so that the production of seed is so 
far secured, even although it may be inferior in point of size 
and quality to that of cross-fertilised plant<>. 
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In cases where self-fertilisation does not occur under any 
circumstances, the form or relative position of the various organs 
of the flower is usually such that anthers and stigma cannot 
possibly come in contact. The relative position of the floral 
organs is of course dependent on the whole structure of the 
flowers in the different species of plants, and no general rules on 
the subject can be laid down. In a subsequent chapter we shall 
have something to say of the peculiarities of certain home 
species in this respect. 

Here we may cite in passing a few of the more common 
peculiarities of insect-fertilised plants, by which, just as in the 
case of wind-fertilised plants (see p. 171), self-fertilisation is 
rendered either altogether impossible, or at any rate very diflicult. 
In the plants referred to (see p. 176) self-fertilisation we saw 
was prevented by their being dioecious, or if hermaphrodite, by 
dichogamy. The same peculiarities prevail among the insect- 
fertilised plants. In some of the latter, however, there is in 
operation, over and above, a peculiarity which we may term 
" inequality of styles," or rft- (tri-) morphism. 

(a.) Dicmous Flowers. — The restriction of anthers to one 
flower and ovaries to another, renders, as already repeatedly 
stated, cross-fertilisation absolutely necessary. 

(5.) Dichogamy. — The meaning of this term has already been 
explained (see p. 176). While in the case of wind-fertilised 
plants protogyny chiefly prevails, in insect-fertilised plants 
protandiy is more common (cJ-?). The anthers, as a rule, 
develop first, and after they are past the stigma matures. 

(c.) Inequality of Styles. — Inequality of styles is a peculiarity 
exclusively characteristic of hermaphrodite insect-fertilised 
plants. Plants possessed of this peculiarity have two or three 
different forms of flower. Each individual, however, only bears 
one form of flower. One individual may have one form, another 
the second, another the third. Each flower contains both 
stamens and carpels, but the situation of these organs, their size, 
&c., differs in the different forms. 

Many plants possess two different sorts of flowers, and such, 
therefore, may be designated dimorphic. One of the best 
known dimorphic plants is the primrose {Primula vulgaris and 
elatior). We shall therefore choose it. as our first example 
of inequality of styles (Fig. 278). In I. and III. are re- 
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presented the two different forms assumed by this flower. 
These two are distinguished from each other externally, in so 
far as I. has at the throat, a (entrance to the corolla tvbe), a 
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Dimorphous flowers of the primrose {Ptimula etatior). — L, 
II. Short-styled form; III., IV. Long-stjled form; nat size. 
a Throat of the corolla, S t Stamens, O g Styles. 

swelling, and III. at the corresponding point has none. In 
section, the two flowers are seen to differ internally as follows : — 
The first flower (II. corresponding to I.) has stamens with very 
short filaments arranged around the entrance to the corolla tube 
(s). The style in this case is short, the stigma being situated 
about half-way up the tube. In the second flower (IV. corre- 
sponding to III.) the positions of stamens and stigma are 
reversed. In it the stamens are not at the entrance to the tube, 
but are placed half-way down (5), while the style is double the 
length of that of II., and the stigma (s) is situated almost in the 
throat of the corolla. The first has a short style, and stamens 
inserted high up in the corolla tube, the second a long style, and 
stamens inserted far down in the corolla tube. 

The first represents the short-staled, the second the long-styled 
form of the primrose. Similar dimorphism is observed in the 
flowers of the lung- wort (Pulmonaria officinalis. Fig. 279). In 
this plant also we find short-styled and long-styled flowers 
borne by different individuals. The short-styled flower (I.) has 
a funnel-shaped corolla tube ; at its entrance are attached the 
five anthers, surmounted by five tufts of hair {S, II.). The 
thread-like style reaches about half-way up the tube (g). In 
the long-styled form (III., IV.) the tube suddenly narrows at 
its upper end (a), being thereafter prolonged downwards in the 
form of a cylinder. The stamens are inserted about half-way 
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up, while the style is so long as to project somewhat from the 
throat of the corolla. 

By very exact observations it has been showD that pollen 
from the stamens of a short-styled flower is powerless to fertilise 
its own stigma, but is capable of fertilising that of any long* 




DimorphoDi flowers of the long-wort (PiUmonaria ofioinalil). — 
L, II. Short-Btyled form; III., IV. Long-atyled tona ; twu 
tiin«a enlarged, a Throkt, S $ Stomeni, G g St;tei. 

styled form. The pollen of long-styled flowers again will only 
fertilise stigmas of the short-styled form. Taking, therefore, the 
letters used in Figs. 278 and 279, we may express these relations 
as follows : — 



Fertile. 

G- ' -S, 



IL 



I FeTta«. I 

Lous- Short- 

rtyl^. Btyled. 

Neither in primrose nor lung-wort, therefore, can self-fertilisa- 
tion be effected, even although the pollen may reach the stigma. 
To such plants cross-fertilisation is absolutely necessary, aod is 
all the more easily secured, that an insect iu visiting, say, the 
short-styled form, brushes against the anthers with a certain 
part of his body, and carries off with him, when he leaves the 
flower, a quantity of their pollen. Suppose that next he enters 
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a long-styled flower, that part of his body on which the pollen 
is deposited will now brush against the stigma, to which some 
of the pollen grains brought from the short-styled flower will 
remain adherent. This arrangement secures cross-fertilisation 
almost as well as that in which male and female flowers are 
borne by different individuals. Native dimorphic plants are 
all species of primrose {Primvla), the lung-wort {Pvlmonaria 
officinalis)^ the water primrose {Hoitonia palvstris), some flaxes 
(Linum), and the buckwheat (Polygonum Fagopyruin). 

A still more complicated arrangement for ensuring crossing is that 
known as trimorphism. In trimorphic plants we find not only 
two, but three different forms of flowers. One of the best known 
trimorphic plants is the loosestrife (Lf/thrum Scdicaria, Fig. 280), 
which is frequently found growing in our marshy meadows. Flowers 
of the first form have a very long style ((?), five somewhat shorter 
stamens (stamens of medium length) S, and five very short (s') 
stamens. Flowers of the second form contain five long stamens (/$), 
a style of medium length (^), and five short stamens («'). The third 
form has five long stamens (S), five stamens of medium length {s\ and 
a short style ((/). In all these flowers fertilisation only takes place 
when the pollen of the long stamens (S) reaches the stigma of the 
long style (O); or, secondly, when the pollen of the stamens of 
medium length (s) is transferred to the corresponding stigma (g) ; 
or, thirdly, when the pollen of the short stamens («') comes into con- 
tact with the short style (//). All other crossing, e.<7., long style with 





Fio. 280. 

RnUrged diagram of stameiui and style of loosestrife 
(Ltfthrum Saliraria) to »how trimorphiam. 

t9ti\\tm of medium sized and short stamens, medium sized styles with 
omIImi of long and short stamens, short style with pollen of long 
nw\ MM^ditirn Hized stamens, are respectively unfruitful If the three 
|#.M{/tfi« of nlyh are represented by G (three different sites), the three 
|^hi/l)i« of nLuiuoiih by S (different sizes), then all possible crossings 
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between the three forms haying fertilisation as their result, may be 
expressed by the following plan : — 



Flower I. 



■N/^ 



s 



s 



V, 



Long- 
styled. 



Flower II. 



^ 



T 

G 



s 



Medium' 
styled. 



Flower III. 

S 



s 



^ 



G 



Short- 
styled. 



6. — JExclicsion of Insects whose visits would be injurious. 

Many plants possess contrivances for keeping off from their 
flowers such insects as might visit them only for the sake of 
robbing them of the food they supplied, without effecting the 
transference of the pollen. Such contrivances are highly neces- 
sary, as thieves of this kind are by no means uncommon in 
the insect world. 

The pungent, disagreeable smell of many flowers is one excel- 
lent adaptation for keeping away enemies, insects being as 
susceptible as man in this respect. Moreover, foul smells attract 
such insects as live on putrid flesh, &c., and thus flowers possess- 
ing them get a chance of being fertilised, while at the same time 
acting as a protection to their sweet-smelling neighbours, who 
would only be injured were carrion flies and the like to find 
their way to them. 

Other flowers repel many insects by their colour. Dark 
purple-coloured flowers, for example, are usually sought only by 
the carrion flies referred to above ; their colour attracts these 
creatures, while it is avoided by those which do not live on 
putrefying matters. 

The flowers of many water plants are, from their situation, 
inaccessible to wingless insects, — the ants, for example. Such 
are the flowers of the water-lily, water-buttercup, frogbit, &c. 

N 
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Many peculiarities of strnctuie have also been developed 
hj plants for the purpose of excluding enemies from their 
flowers. Prickly stems, thorny bracts, and such-like, render it im- 
possible for soft insects 
^./v to enter the flowers. 

Sometimes the leaves or 
stems (catehfly) secrete 
a viscid fluid, which 
efiectually arrests little 
animals on their way to 
the flowera. The protec- 
tive function is, how- 
ever, most frequently 
exercised by modifica- 
tions of the flower-stalk, 
calyx, and corolla itself. 
These may be iUustrated 
by a few examples. 

In many pUnts the 
calyx or the inferior 
ovary is coated with a 
viscid gummy or resin- 
ous fluid, which pre- 
vents small creeping in- 
sects from entering the 
flower. In general this 
fluid is secreted by glan- 
dular hairs. In Fig. 
281, I., we have the 
flower of the enchanter's 
nightshade {Circaa al- 
pina), the ovary of 
which bristles with stiff, 
secreting hairs (a). Similar structures are found on the droop- 
ing flower of the gooseberry {Kihes Grossuktrui, Fig. 281, TI. a). 
Tliese hairs are sometimes replaced by stiff prickles, whose 
points are directed backwards. These are well-marked in the 
involucre of the centaury and tliistle (Fig. 115, p. 67). In 
other cases (Fig. 281, III. t) the petals are bent back so as to 
bar the entrance to the interior of tlip flower. Frequently the sur- 




I. Flower of the enchuitet'a nightahode 
(CiVcmi alpina), five time* enlarged. II. Of 
the gcxwebeiTy {Eibti Crointann), nat. eiie. 

III. Of THl.>na 'jramll^opa, twice enlargaJ. 

IV. Of apeedwell {Vtronira <'fi-inalit], Ir.ar 
times enlarged. V. Of the bearberrj (Arvlo- 
tlaphylot Uva-Urti), six timet euUrged. VI. 
Of VsnogfouKim pielum, toot times eiilaTVe<l 
VII. Of the nodding ompion (Lj/diHii nuUinr 
at midnight, tut. tize.-IAfteT Kerner.) 
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face of the flower is covered by a network of hairs, which prevents 
many insects from reaching the nectary. Such a network is found 
on the petals of the speedwell ( Ferontca qfficinaliSy Fig. 281, IV.), 
the entrance to the throat of the corolla being closed by a ring of 
stiff bristles. The nectary of the flower of the bearberry {Arctosta- 
phylus Uva-Ursiy Fig. 281, V.) is suflSciently well protected by 
a large number of interlacing hairs, which occupy the interior of 
the flower. Sometimes special processes are developed, which act 
as valves, closing the entrance to the nectary. For instance, five 
of these valves are found in the flower of the hound's-tongue 
(Cynoglossum pidum, Fig. 281, VI.), in which the five hood-like 
flaps (k) form a barrier against the entrance of small insects. 
Only humble-bees, honey-bees, and other larger insects have 
strength enough to thrust their proboscis between them. In the 
nodding campion the arrangements for attracting desirable insects, 
and for excluding undesirable ones, are both very perfect. Wing- 
less insects are shut out on the one hand by the sticky stems of the 
plant, and on the other by the glandular hairs of the calyx and 
peduncle (Fig. 281, VII.). The plant is fertilised by the agency 
of moths, and therefore its pure white petals only unclose at 
night, at which time also it gives out a strong, sweet fragrance. 
The visits of day insects are unwelcome. Accordingly, in the 
day-time the flower is scentless, and only the dirty green of the 
under surface of its petals is visible. 

2. — Adaptations in Insects for the Fertilisation of Flowers. 

The following are the chief subdivisions of the Class Insecta : 
— Coleoptera (Beetles), Diptera (Flies), Hemiptera (Bugs, Aphides, 
&c.), Hymenoptera (Bees, Wasps, Ants, Sawflies), Lepidoptera 
(Moths and Butterflies) Neuroptera (Caddis Flies, &c.), Orthop- 
tera (Crickets, Grasshoppers, Cockroaches, &c.). 

Of these the Coleoptera, the Lepidoptera, the Diptera, and the 
Hymenoptera are the orders most concerned in the fertilisation 
of flowers. More rarely, fertilisation is effected by one or other 
species of Hemiptera, Neuroptera, and Orthoptera, but these are 
not of sufficient importance to demand further attention here. 
We shall therefore confine our remarks to the orders constituting 
the former group, and consider the various physical peculiarities 
by which insects belonging to them are enabled to effect the end 
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in question. Such peculiarities chiefly take the form of special 
sti-ucturcs (invariably coniined to the bead), hy means of wkUK tht 
itisects are enabled to reach and abstract the honey contained in the 
flower. We shall also have to consider the organs coneenud in 
the transport of the pollen. 

(1.) Lepidoptera {Butterflies and Moths). — Tbe order Lepidop- 
tera comprises many species of great importance in effecting the 
process of fertilisation. Their lai^e wings are well adapted for 
rapid flight from flower to flower, and their loug proboscis 
enables them to reach the honey even when the nectary lies at 
the bottom of a very long and narrow corolla tube. 

The position assumed by the butterflies when engaged in 
abstracting the honey deserves notice. The wings, which during 
flight flutter to and fro with a rapid 
motion, are folded tc^ether perpendicu- 
larly over the body, in which position 
they are maintained so long as the 
insect remains poised on the flower 
! {Fig. 282). The butterfly is thus en- 
abled more readily to escape detection 
by its many enemies {€.g., birds) than if, 
when resting, its brilliant wings were 
outspread. The under surface of tbe 
wings is usually of a much less striking 
colour than the upper, and consequently 
does not prove so attractive. It even 
happens in many instances that butter- 
flies only visit such flowers as are of the 
same colour as tlieir own wings, this pre- 
caution, of course, rendering detection 
extremely ditticult. Many blue butter- 
A -buttJ^y'Tw'w""-*;- ^'^* ^'""^^ ^ marked preference for blue 
Jaaita)».t rest on » cliuttT of moadow flowcrs, wMle in the Alps the 
owon ; n»t ewe. scarlet Hlies and many of the orange- 

coloured Compositse are visited almost exclusively by butterflies 
of like hue. The moths, while extracting honey, do not assume a 
position similar to that of the butterflies, but hover over the 
flowers, their wings rapidly vibrating meanwhile. 

Tbe butterflies are excellent lioncy-huutera, because, as 
already snid. their proboscis is ver>- highly developed. It arises 
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from the head midway between the eyes (a, Fig, 283), and 
frequently exceeds the entite body of the insect in length. 
When not in use, it is kept coiled up like a watch-spring (I. 
II.), but can be uncoiled at will, and thrust deep down into the 
nectary of a, flower. Tlie proboscis is hollow, and the honey is 
sucked up by the extreme tip. 

In the butterfly the proboscis is the only part of the mouth 
that is fully developed. In many insects the mouth is very 
complicated in structure; but in the butterfly a number of the 
parts are almost entirely suppressed. The labial palpi (I., 
II., IIL), however, are usu- 
ally pretty well marked. 
They are long and narrow, 
und are densely covered with 
hain. To these hairs the 
pollen adheres, while the 
butterfly is engaged in suck- 
ing the honey, and by tliem 
it is carried to the stigma of 
the next flower the insect 
enters. 

The proboscis is usually 
from 3 to 7 cm. long, but , , ., 

, ' 1 ^ .!_ -i. four timei enlanred. I. -Side view, ihowine 

in many tropical moths it the probowuTaSed up. H. Frantviewrf 

attains a length of over 20 the wune. in. Side view, ahowliiK pro- 

-..,,, . , ,, boacia uncoiled, r Proboscis; p Labul 

cm. It IS by the great length p^j^. aEyes; / AntemuB. 
of their proboscis that many 

butterflies are enabled to suck the honey from flowers having 
very long and narrow corolla tubes, where it would be quite 
inaccessible to other in- 
sects. We need scarcely 
8ay that this feature is a 
great advantf^e to the 
butterfly order, for it 
means that they have 
the monopoly of the 
honey of flowers with a 
long, tubular corolla. The 
honey-suckle {Lonicera 
Perielymenum, see Fig. 284) is a good native 




Fitrit rapa (cabbwe batterflj). 




Flo. 284. 

Flower oF honejBuclde [Lonicera Ptridjimf 

num) frequented by privet hswk-inoth {Sptinx 

lu/uairi), nat, lizs. a Nectary ;■■"'- ' 
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with a tubular corolla, in which the nectary (a) is so situated as 
to be beyond the reach of the various bees and butterflies with 
short proboscides, likely to be attracted by it in the daytime. 
In this case the honey is entirely reserved for one of the evening 
moths (Sphinx ligustri) which possess a proboscis of almost 
exactly the same length as the corolla of the flower — 1.«., about 
40 mm. Attracted by their fragrance, the insect will hover over 
a cluster of flowers for a time. Finally selecting one, it uncoils 
its long proboscis, thrusts it deep into the innermost recesses of 
the corolla, and, at its leisure, sucks the sweets denied to less 
fortunate members of its kind. 

(2.) Coleoptera {Beetles). — As fertilisers the beetles are not so 
important as the butterflies and moths. Only a small propor- 
tion pay regular visits to flowers, the greater number deriving 
their food from quite other sources. Many species which do 
frequent flowers only effect injury, devouring, as they do, some 
of their most important organs — e,g,, the stamens or the ovary. 
Others, however, and especially those whose smaU size admits of 
their creeping into the interior of the flower, frequently promote 
cross-fertilisation, the viscid pollen adhering to the general sur- 
face of their body, from which it is brushed ofif by the stigma of 
the next flower they enter. Such flower-beetles as AfUhren%L$, 
Meligethes, Malachitia, and certain smaller sorts are extremely 
useful in this way. 

In other species certain parts of the body are specially adapted 
for obtaining food from flowers. Thus, in the crown-beetle 
(Cerocoma Schcpffei'i, Fig. 285, 1., IL), the middle of the antennae 
are characterised by very strong and well-defined expansions^ and 
are paitly covered with hair. The palpi are very long, and the 
tongue is provided with two tufts of hair. These form together 
a large yellow crest on the anterior portion of the head (Fig. 285, 
II.). In midsummer this beetle is occasionally to be met with 
on the flower of the milfoil (comp. Fig. 119, a, p. 68) and com 
marigold. If one of these beetles be caught and examined with 
a lens, the crest is usually found to be covei^ed with a multitude 
of little yellow pollen grains. 

Among the long-horned beetles the Lepturidas are specially 
well-adapted for procuring food from flowers. The anterior part 
of the body (head and thorax) is narrow and elongated^ so as to 
enable the insect to push its way pretty deeply into the interior 



of the flower. The mouth parts are well developed, and stand 
straight forward from the head. The labium is usually hairy, and 
is thus extremely useful in extracting honey (Fig, 286, I., II.)* 




FlQ 285 Fto. 2Stf. 

ng. 2811 — CrowD beetle (C^ronxna Sth<ffferi).—l. Beetle, oat aize. 

II. Head, ten times SDlarged. Fig 28fl. — Longficum beetles. — I. PtuJii/ta 

adomaeidala, three tunea enlarged II. a b L^ura tivida, ■ bead, nal 

UM, labium. (IL a b according to E. Mtllter.) 

(3.) Diptera (Flies). — Compared with the beetles, Dipt«ra or 
Hies take u very prominent position as promoters of cross- 
fertilisation. One great advantage which they have over the 
former class is their power of free and rapid motion. While the 
beetles are almost without exception compelled to adopt a slow 




Pio. 287. Fio. 288. Fro. 289. 

Fig. 287. — Hnmblebee f\j {BBmb^iia major), nat siie. Fig. 288. — 

Empu livida (after Meigen), four times enlargsd. Fig, 2S9.Si/r[Attt, 



mode of locomotion, the movements of the flies are among the 
moat rapid known in the insect world. The number of native 
species of Diptera is very large ; of those which freq_uent flowers 

' The rest of the Lepturidffi liva for the most part in or on wood. In contrast 
to the spedee jiut described, the thorax ia broad, the mouth situated towards the 
under side of the bead, and the nuixiUie eithec veiy slightly hair; or totally deati- 
tateol hairs. 
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we shall here consider bnt a few (Figs. 287-291). One of the 
largest and most rapid flying of the Diptera is the humble-bee 
fly {BomhyliiLs major. Fig. 287). In this species the proboscis> 
which is situated on the anterior position of the head, is of con- 
siderable length, so that the insect can reach the honey even 
when it is secreted some way down the corolla tnbe. The 
manner in which Bombyliiis hovers over a flower while extracting 
the honey, closely resembles that already described as character- 
istic of the moths among the Lepidoptera. 

The EmpidcB (Fig. 288) are easily distinguished by the 
peculiar formation of the head and proboscis. The latter is 
not directed forwards, but almost perpendicularly downwards, 
and the head itself is round; the whole thus bearing some 
resemblance to the long-beaked head of a crane. Many of the 
Syrphiim are also honey-suckers. In structure they resemble 
the common house-fly more than the Diptera we have just 
considered. The posterior part of the body is mostly distin- 
guished by a number of bright and dark coloured bands and 
specks. As typical examples we may mention the large Syr- 
phu8 (Fig. 289), the allied Eristalis tenax and arbudorum 
(Fig. 291), and the cone-fly {Rhingia rostraia. Fig. 290), 
The latter may easily be recognised by its peculiar pro- 

bosciS) which is kept coiled up 
under a small conical projection on 
the anterior part of its head. The 
sucking apparatus of the Diptera 
Fig 290 Fig 291 consists of a suctorial proboscis. 

Fig. 290.-Cone-flj (Bkinffia ros^ resembling in a general way that 
eraia), nat size. Fig. 291.— fruto/u of the common house-fly. It ifl 
oHnut^m ; nat rtyie. tubular, short, and thickened at its 

extremity, so as to form a disk, upon which are furrows and 
hairs. It is by means of this disk that the honey is taken up. 
Tlie proboscis of the Diptera being almost always short and 
blunt, they can only extract honey from such flowers as have an 
open corolla. Insects of this order, then, need only be sought for 
on flat flowers, and there indeed they may be seen on any sunny 
day, rapidly creeping about, and greedily imbibing the nectar. 
The Umbdliferas (V., Fig. 117, a, p. 68) are special favourites 
with them, the nectar being found on the disk (Fig. 270, 
IV.) in the centre of the flower, which can very easily be 
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reached. The Diptera are never found on flowers with long 
corolla tubes. Only such forms as the humble-bee flies, Si/i*- 
phidos, Empidce, and a few others have a proboscis large 
enough to enable -them to obtain honey from flowers of slightly 
tubular form. The proboscis of Bomhylius (Fig. 292, I.) is 
about 1 cm. long. It is strong and stiff, cleft at the extremity 
(6), and thickly beset with hairs. Certain other -structures 
entering into the formation of the mouth {e.g., the lip, a, the 
mandible, d, and the maxillae, c c) almost equal it in length. The 
cone-fly {Ehingia rostrata), in common with many other broad- 
headed flies, possesses the power of coiling up its proboscis, the 
length of which is about 12 mm. (Fig. 292, II.-IV.). That 
anterior portion of the cone-fly's head (II.) is prolonged forwards 
so as to form a sort of beak (s). When not in use, the proboscis 
is kept coiled up beneath this prolongation. When required, 
the extremity of the proboscis 
(6 III.) is first inclined down- 
wards, and the organ is next 
suddenly shot out to its full 
length. When fully extended 
the proboscis projects far beyond 
the beak-like anterior portion of 
the head (IV.). The extraction 
of the honey is effected by means 
of the cleft tip (6). The cleft ex- 
tremity is used in sucking. 

We have already seen that T^ir^^^JtV^-'^^'^t^ 

many flowers are exclusively boscis coiled; IIL Do., the prolxwcis 

visited by Lepidoptei-a, their ^^IJ^J'^J'^,^} J^^^'. 

honey not being within the Beak, t t Palpi, 6 Extremity of pro- 
V - . . u 1 -. : - i.^ boBcis, a Lip, d Mandible, e c Mazillff. 

reach of insects belonging to (11..1V. after H. Muiiery: 
any other order. Such, for 

instance, are honeysuckle and privet. Very few flowers, how- 
ever, are frequented solely by Diptera; for the length of the 
proboscis, even in those Diptera in which it is best developed, is 
attained, if not surpassed, by many of the Hymenoptera (humble- 
bees, honey-bees, &c.). The latter class, therefore, share with 
the Diptera the privilege of frequenting certain species of 
flowers. We shall now pass on to consider them for a little. 

(4.) Hymenoptera {Bees and JVasps), — Of all insects the 
Hymenoptera are, on account both of their physical structure 




Fig. 292. 
Structure of the mouth of the Diptera 
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snd their peculiar iustiacts, the best adapted for the task of 
extracting aod coUectiDg honey from Sowers. The species com- 
prised in this order, and more especially the bees, are all 
characterised by a superior share of intelligence, not only as 
honey hunters, but in many other respects. Their mode of living 
together in large, well-ordered communities, presided over by a 
queen, has long been a subject of marvel and of study. Out of 
the wax, which exudes at the joints of the abdominal s^^eots 
of their bodies, they construct a " comb," consisting of a number 
of united cells. The cells when finished are filled with honey 
or " bee-bread," a substance composed of a mixture of houey and 
pollen. This bee-bread forms the food upon which the young 
larvse are reared. 

The bees are the greatest promoters of cross-fertilisation, not 
only among the Hymenoptera, but among all insects whatsoever. 

Over 200 species of our native bees (Apida) are known as 
frequenting flowers, the most familiar being the common honey- 
bee (Fig. 293). The task of collecting and storing honey is 

Fio. 2S3. 
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Fra. 295. FlQ. 2M. 

—Fig. 2B8,— Honey-bee (ApU onfflv*"), QoBon I 
QkL-aue. Fig. 294.~HMr7-bee(.JiiCAi)pAorare(UM). Fig. SSS.— 
Ekrth-bM {Andrtna Scfiranidla). Fig. SSS. — Humble.bee 
{BomtiM temttrit), 

performed exclusively by the neuters (workers). The humble- 
bees do not fall far short of the hooey-bees in the assiduity with 
which they frequent flowers, and they surpass the latter in size 
and in length of proboscis. Our most common species are the 
earth humble-bee (Bombus terrcstrU, Fig. 296), the garden 
humble-bee (Bombus hortonim), the moss-bee (Bombiu mua- 
coram), and the stone-bee {Bomhus lapidarius). Very similar to 
the humble-bees in appearance and structure are the hairy-bees, 
one of which is shown in Fig. 294. They are readily dis- 
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tinguished, however, as we shall presently see, by the formation 
of the hind legs. In Fig. 295 we have a sand-bee (Andrena 
Schrankella, a species representing one of the largest genera), 
which may be seen in early spring on catkins and other spring 
flowers. 

We have already said that, over and above their high intelli- 
gence, bees are remarkable for having certain parts of their body 
specially modified in connection with the acquiring of honey 
and pollen. We must therefore further consider the structures 
concerned in effecting this end, viz. — the suctorial apparatus and 
the apparatus for collecting pollen. 

The suctorial apparatus is in most bees developed in very 
great perfection. In many (Figs. 294-296) the proboscis is of 
considerable length, in some cases being as long as the body. It 
consists (Fig. 297) of the long vermiform tongue (r) (as in the 
butterflies), the upper surface of which is mostly well provided 
with oblique rows of long bristles. The maxilhe (A) and part 
of the labial palpi 
(t) are modified into 
flat, leaf -like, linear 
processes, which are 
arranged around the 
tongue (r), and thus 
complete the suctorial 
proboscis. While, 
therefore, the suc- 
torial apparatus of 

the butterfly consists ^^^^^ j gi^^ ^f^ . n. Top view, r Ton^e. 
simply of a coiling ^ MaxillsB, t Labial palpi, o Mandibles, t Antennae, 

or suctorial tongue, it ** ^^* 

must be noted that in the bee other parts are concerned in 
the formation of the tubular sucking apparatus. In many 
bees, besides, the tip of the tongue is peculiarly modified, so as 
to enable the insect to taste the honey before beginning to 
collect it, an arrangement by which honey of unpleasant taste 
can be rejected. 

Apparaiusfor collecting Pollen, — Of all insects the bees alone 
have certain parts of their body specialised for the collection of 
pollen. The structures developed for this end are in tlieir way 
perfect. They may be found either on the ventral surface of 
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Head of Antivoffikora rtt\ua ; ten times en- 
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the posterior portion of the body or on the legs. Accordingly, 
bees may tima be divided into two groups — (1.) Bees having 
structures for the collection of pollen on the ventral surface of 
the body ; and (2.) Bees having such structures on their legs. 
To the first group belong the mason-bees (Osmia) and the leaf- 
cutter bees {Meguchik). In these species the ventral surface of 
the abdomen is furnished with long stiff retroverted hairs, by 
means of which the pollen is brushed from the anthers as the 
insect passes in or out of the flower. The grains get entangled 
among the hairs, from among which the bee afterwards dislodges 
them by means of its legs. 

This contrivance is admirably adapted for obtaining pollen 
from flowers having a flat corolla, but not for such as have the 
anthers concealed in a deep tube. Our most highly developed 
bees (humble - bees, honey-bees, &c.) have therefore apparatus 
suitable for collecting pollen from flowers of all shapes. 

The moat highly developed bees collect the pollen on the 
hind legs, but all do not possess the structures adapted to this 




Fig. 268. 
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Fig. 298.— Hftiry-bee [Anthopkora rrfwra) ; four timea ealuged. 
Fig. 296. — Humble-bee {Bombui trrrtttrit); four timea eaUrged. 
Fig. 300.— Honey-bee (Jpii mdtifica. B); five timtM enlwgiMl. 
T Trochanter, > Femur. ( TibU, o PrickleB on do., p Tusua (FoUen- 
brush), / Olher segmenta of the foot, k CUva. 

purpose in like perfection. Fig. 298 represents one of the hind 
legs of the hairy-bee {Anthophora j-ehisa, comp. Fig, 294); we 
here see the trochanter (r), the femur (a), the tibia (f), the taraus 
(;>), the four other joints of the foot (/), and, finally, the two 



claws {k). The tarsus (p) and the tibia (t) bear the stracturea 
by which the pollen is collected ; both are seen to be ladeu with 
many grains of pollen (left white in the illustration). The tibia 
and tarsus are broad and flat, and are thickly covered with hairs. 
The pollen is brushed from the anthers by means of the hairs 
on the tarsus (p), and is afterwards transferred to those of the 
tibia (t) where they are suffered to remain until the hive is 
reached. In the humble-bee (Fig. 299, Bornims terrestrU) the 
same arrangements are carried out in yet greater perfection. 
The tibia (() is smooth on the outer surface, while the inner 
surface is covered with long stiff hairs, which tonn with the 
surface of the tibia a little depression, into which the pollen is 
brushed by the short hairs of the tarsus. In the honey-bee the 
arrangements are similar to those just described, but the hairs 
of the tarsus are much better adapted to their purpose (F^. 
3O0). They are disposed in eight or nine rows, while in the 
humble-bee they are distribute<l irregularly. By this regularity 




HummiQg-birdi.— Fig. 30l.^BtliiAl,ric aurila ; | nat. size. Fig, 302. 
—Hdiactiaui cornutui ; J oat. aize. Fig. SOS.— I. Sword-bfl»k {Ooct- 
niiutei cntiftr) i II. A flower visited by it for its honey {Datura]; 
i nat ««.— (After Brehm.) 

of arrangement the honey-bees are enabled to brush the pollen 
from the anthers far more effectually. The pollen, once removed 
from the anthers, is next transferred to the liairs, or to the sor- 
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face of the tibia, to which, being viscid, it readily adheres. 
After the process of collecting has been carried on for some 
time, the pollen forms thick yellow masses, which completely 
envelop the legs. Laden with the fruits of its toil, the 
insect wings its way homeward, and deposits them in the 
bee-hive. 

(5.) Birds, — ^Wliile our native flowers are many of them 
entirely dependent on insects for the transference of pollen, the 
process of cross fertilisation is, in many tropical species, always 
effected by birds, which visit the flowers on account of their 
nectar. 

In America the humming-birds {TrochUidcB, Figs. 301-303), 
and in Africa the honey-eaters {Cinnyridce) are the great pro- 
moters of cross-fertiHsation. 

The honey-birds are found in the tropical regions of Africa, Asia, 
and Australia, while the humming-birds belong to Tropical and South 
America. . The former suck the honey with their long tubular tongue, 
which is brush-like at the tip. Their relation to flowers has not yet 
been sufliciently investigated, but a good deal is known respecting 
those of humming-birds. 

The humming-birds are small (the largest species attaining to 
about the size of a swallow, the smallest not much laiger than a 
humble-bee) and of delicate structure. They are famed for 
their magnificent plumage, which almost always displays metallic 
tints. Their flight does not resemble that of any of our native 
birds, being maintained by rapid vibrations of the wings, which 
enable them to remain apparently motionless in one spot for a 
considerable time. Their passage from place to place is effected 
by a series of rapid darts, almost too swift for the eye to follow. 
Their flight might perhaps be best compared to that of a moth, 
like these insects, tlie humming-birds hover for long over a 
flower, sipping the honey with their long, thin bill, and in other 
particulars also— in colour and form, for example — ^humming-birds 
and moths ofler some remarkable parallels. Representatives of 
each may be found, to distinguish between which needs a 
close scrutiny, and which, when on the wing, might perplex the 
best observer. To all outward appearance the humming-birds 
are birds when at rest, insects when in motion. 

The tongue of the humming-bird is admirably adapted for 
extracting the honey from flowers, being really a suctorial tongue 



EXABfPLES OF INSECT-FERTILISATION. 207 

in the truest sense of the expression. Long and tubular, often 
bifid and hairy at the tip, this organ serves to catch the insects 
that may be concealed in the flower (Fig. 103, 1.). The beak is 
long, thin, and pointed ; the upper jaw closes over the edges of 
the lower jaw, thus forming a kind of tube encasing the tongue. 
In almost all species the beak is straight or very slightly curved 
(Figs. 301-303) ; in the sicklebeak alone (the EiUooceres aquila 
of the Equator, for example) it is sickle-shaped. The length of 
the beak varies in accordance with the length of the corolla tube 
of the flowers habitually visited by the different species. In 
the Hdiactinus comutvs of Brazil (Fig. 302) it is 1*5 cm. long, 
in the Hdiothrix aurita of Minas Geraes in Brazil (Fig. 301) 
about 2 cm. The longest beak among the humming-birds is 
that of the Dodmastes tnsifer of Venezuela (Fig. 303, 1.), that 
of the female being 8, of the male 10 cm. long. Fig. 303, IL, 
shows a flower of the Datura species frequented by the last- 
named ; we here see how the length of the beak and that of the 
corolla correspond. 

We thus see that in the tropics there are not only wind and 
insect fertilised flowers, as with us, but also certain which are 
bird-fertilised, i.e., plants in which the transference of the pollen 
is effected by humming-birds, &c. 

3. — Examples of Insect-Fertilisation. 

We shall now speak of the process of fertilisation in certain 
well-known plants, as serving to illustrate very strikingly the 
remarkable correspondence between the bodies of insects and the 
form of many flowers, and further, how entirely dependent on 
insects many are for the continuance and increase of the species* 
We have chosen only such flowers as have very perfect arrange- 
ments for fertilisation, these being best calculated to demonstrate 
the points in question. 

(1.) — Tilt Wild Sage (Salvia pratensis). 

The wild sage is pretty common in the sunny meadows of 
Central Europe. It grows to a height of from ^ to |^ m. The 
flowers are labiate (p. 123), bright blue in colour, and are 
arranged in the form of a spike on a long, straight stalk. The 
lower lip of the corolla is ndmirably adapted for supporting the 



208 EXAMPLES OF INSECT-FERTILISATION. 

body of an insect while sucking the honey from its nectary (IL 
Fig. 304). The upper lip is casque- shaped. Its lateral edges 




Fig. 804. 

Sage {Salvia pralefuU), — L Flower from the ride ; 
g Style ; t Stamens. II. The same, showing a humble-bee 
{Bombui lapidariut) in the act of extracting the honey, it* 
back at the same time bmshing the poUen from the 
anthers ; nat. size. III. Lower part of the stamens 
enlarged ; a Processes ; b Point of union between these 
and £e filament ; c Spoon-shaped disk. 

are so closely approximated that, even when viewed from below 
the two stamens (I.), its contents can scarcely be seen. 

The anthers are thus completely secured against harm from 
rain. The nectary is situated at the base of the corolla tube, 
and secretes a large quantity of honey. The stigma is viscid, 
and is borne on a long style occupying exactly the middle line 
of the corolla^ and projecting for some way beyond it. 

Suppose a humble-bee, having just come from a sage-flower, 
alights upon the one under our consideration. Before entering 
the corolla his hairy back must needs touch the stigma, depositing 
thereon some of the pollen brought from the stamens of the 
flower he has just left. This tribute of pollen must be paid 
before he can reach the honey he is in quest of. Having settled 
on the underlip, the bee next proceeds to push its long proboscis 
downwards towards the nectary, the entrance to which is 
indicated by a purplish spot. But in the throat of the corolla 
tube are two longish, narrow processes (a a, III.) pointing 
obliquely outwards : to these the two stamens are attached at 
the point b. Below this point they are attached to a broad 
spoon-shaped disk, which stretches across the tube and prevents 
rain from reaching the nectar which lies concealed beneath it 
Immediately the disk is touched by the proboscis of the bee, 
however, it tilts upwards, the two filaments (which are attached 
to it^ and capable of ])eing rotated between the two processes 
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above-mentioned) being at the same time tilted forwards and 
downwards. The stamens thus escape from the upper lip, and 
bend over so that their anthers come into contact with the bee's 
back, and have some portion of their pollen brushed oflf by the 
hairs with which it is covered. In Fig. I. the dotted lines show 
the stamen before and after (s) the disk is raised. In Fig. II. 
we have a sage blossom showing the anthers in contact with the 
back of a bee. The bee having extracted all the honey from 
the nectary, withdraws his head and proboscis, whereupon the 
disk resumes its former position, and the anthers are drawn up 
under the upper L'p. The bee now leaves this flower, flies to the 
next, first touches the stigma, there deposits part of the pollen 
brought with it from the flower it has just left, penetrates the 
tube with its proboscis, pushes back the stamens, gets covered 
with pollen, and, in a word, repeats the process above described 
in every sage flower it visits. This peculiar and ingenious adjust- 
ment of parts in the sage, ensures the occurrence always and 
only of cross-fertilisation by means of the bees. 

(2.) — The Tooth-wort (Lathrsea squamaria). 

When in spring-time the woods awake from their long winter 
sleep, and the dead brown carpet of fallen leaves is bright with 
many-coloured flowers — 

" When daisies pied, and violets blue, 
And lady-smocks all silver white, 
And cuckoo buds of yellow hue, 
Do paint the meadows with delight " — 

a small inconspicuous plant may be found opening its delicate 
pink buds in the sunshine. The flowers of this plant, the tooth- 
wort, grow in compact clusters, on a short stalk. Leaves it 
has none, being a parasite, but the underground stem bears a 
number of thick yellowish scales, which are modifications of 
leaves. So pale and delicate it looks, that we feel almost as if 
it were an intruder among its gay companions. Examined closely, 
we find that this plant is a great favourite with the humble bees, 
who find a goodly store of nectar in its blossoms, and achieve its 
fertilisation in a very remarkable manner. 

The formation of the flower of the tooth-wort is as follows 
(Fig. 305). The large bladder-like calyx (c. III.) completely 
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BUirounds the labiate corolla (I.). Botli calyx and corolla are of 
a purple colour, with the exception of the lower lip of the latter, 
which is of a creamy 
white towards the tip. 
The upper and lower lips 
(o u, I.) lie close together, 
leaving onlya small open- 
ing in front, so that even 
in stonny weather all rain 
is excluded. At the base 
ot the ovary (k, VII.) 
is the glossy yellow, 
rounded nectary (n). The 
middle of the lower lip 
is traversed by a longitu- 
dinal furrow, correspond- 
ing to the nectary. Along 
this furrow the bee most 
push his proboscis in order 
to reach the honey. 

The plant is proto- 

i^nous (p. 176). The 

knob-like viscid stigma 

is of a fine reddish purple 

*'"'""'■ tint, and occupies the 

Tooth-wort ILatkraa iguamaria). — I. Flower _ - ui r.i_ ■ _ i a. 

with cdyx removed ; II. Flower with ripe .tigrn. middle of the Opeumg left 

(p»rtly in longitudin*] lection) ; III. The »»ine, between the UppCr and 

with ripe ■ntheri ; IV. Croei-section of flower, , ,. . ., „ 

Tiewed horn the front ; V. Entnmce to the loW^r llpS Of the COtoUB 

coroUi (ititfim* ripe) ; VI. The uiiie (stuneni (x t, V.I, * la Denetratim! 

ripe); VII. OvirjKid nect«7 ; VIJI. Interior , ' ' ■ . , ■ 

of uither {open) ; IX. DiienunmaticrepreseiitB- the tlower With UlS prO- 

tioD of ^ther^ I., ir., Ill- vn., two to two togcja Hig bec jnust touch 

•od a iuif tune* e&lmived ; VIII. iix tuosi , -■.-<> 

enlMged. o CWyx ; o Upper lip of corolU ; u the Stigma With his head. 

/Filunenta. The >rrow in I II. fhowi the counie pollen brought With hUD 

of the probo-n. of the bee. ,■ .^^^^ another flower. Be- 

low the stigma (b h'. III.) lie the authers. The insect has to push 
ita probuscis past these, too, but as they are still uuripe, it brushes 
off no pollen. 

After the stigma has been fertilised it becomes discoloured 
and begins to shrink, as does also the style in some degree. 
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while the upper lip lengthens so as to enclose the stigma (o, VI.). 
The stamens now rapidly increase in length, so as to occupy the 
entrance to the corolla, the anthers at the same time opening 
introrsely by longitudinal fissures (VIII.), and shedding the dry 
dusty pollen. This, however, does not fall down into the flower, 
but into the space enclosed by the anthers, which lie close 
together, and have the lower part of their inner surface covered 
with shaggy hairs. By this arrangement not a single pollen 
grain is allowed to escape. The base of each stamen is pro- 
longed into a short blunt process (VIII.). If we push a needle 
slowly along the furrow of the lower lip of the corolla we touch 
these processes, whereupon the anthers separate and a large 
quantity of pollen is shed, much as sand is sprinkled from a sand- 
box. If the needle be withdrawn in time, a small quantity of 
pollen will be retained by the speedy closing of the anthers. 

We are now in a position to understand how the transference 
of the pollen is effected by the humble-bee. Suppose the insect 
to visit, in the first place, a flower in which the stamens are 
ripe : clinging to the flower with its fore legs, it thrusts its head 
and part of the thorax into the corolla, so as to be able to push 
its proboscis down into the nectary. The stigma is now in such 
a position that it cannot be disturbed by the insect, being con- 
cealed by the upper lip and anthers, but every motion of the 
bee's proboscis causes the anthers to spring apart and shed their 
pollen on the insect's head and thorax. Its task finished, the 
bee passes to another flower, in which we shall suppose the 
stigma only is ripe. Upon this, part of the pollen lying on the 
insect's head is deposited, while he is pushing his proboscis deep 
into the nectary in search of its hidden sweets. The pollen is 
enabled to adhere to the stigma by means of the viscidity of the 
latter. 

(3.) — Fumitory (Corydalis cava). 

In this species of fumitory we have a remarkable example of 
insect -fertilisation, which differs in certain important respects 
from the manner in which that process is effected in the two 
foregoing plants. The flower (Fig. 306, 1.) has two small sepals, 
which drop off early, and are not represented in the accompanying 
figure, and two large outer petals of peculiar shape (comp. Fig. 
247, p. 156). The upper (a) is prolonged so as to form a large 
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spur (c), at the lower end of which the nectar is secreted. The 
lower (h) is totally diifereot in shape, and serves as a support 
for the bee (Anlhopkora) while engaged in sucking houey from 
the flower. The two outer petals enclose two inner ones 
(d I., II., III.) of peculiar shape. They are united hy their 
tips, and enclose stamens and stigma. The structure so formed 
we shall designate the hood. In the hood we find at I (II.) an 




Fia. 306, 
Fumitoiy {Cort/ilalii rava).—T. Flower, side viev ; IL Do., tlM> 
lower outer petal removed ; til. Dn.. after partial removal of upper 
outer petal, hood drawn down ; IV. SUniena ; V, Stimna. (I.. II., III. 
three timea enlarged ; IV., V. ei\ timtii enlarc^l). a Upper outs' petal, 
b Lower outer petal, c Spur, d Mo.id, I .Toint of hood, i Tuba fonoad 
by filamente, jt Anthers, h Stigma, s Style, e Stigma with pollen, / 
Peduncle. 

indentation above and one below, the upper being the deeper of 
tlie two. The hood is thus rendered to a certain degree mobile. 
If, for example, we touch the hood at the point d (I.) it 
will move in a downward direction, and the stamens and stigma 
will be libemtod (d c. III.). The stamens are six in number. 
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arranged in two bundles of three each (Fig. 247, Fig. 96, III., 
p. 51). The six filaments form a narrow tube (i III., IV.) 
within which are the ovary and the style. The stigma {h V.) 
lies between the anthers ; it is disk-like, and is provided with 
eight horns. Previous to the opening of the flower the pollen 
from the anthers is shed upon the stigma while it Ues in con- 
tact with them. We should, therefore, conclude that here we 
had a clear case of self-fertilisation. Not so, however. If the 
flowers of the fumitory are enclosed in a gauze bag, so that all 
insects are excluded from them, no seed will be produced (comp. p. 
169). For the production of seed cross-fertilisation is absolutely 
necessary, and once again bees are the agents by whose inter- 
ference it is eflfected. The insect on reaching the flower pushes 
its head between the hood and the upper petal, where is the 
entrance to the nectary. The hood is thus pressed downwards, 
so that the pollen-laden stigma rubs against the ventral surface 
of the bee's body, and deposits thereon a quantity of pollen. 
When the insect leaves the flower, the hood, in virtue of its 
elasticity, resiunes its normal position, and encloses the stigma 
as before. The bee now passing to another flower, the same 
process is repeated, but in addition a quantity of pollen from 
the first flower is deposited on the stigma of the second. In 
the fumitory we have, therefore, an example of a plant adapted to 
both self and cross fertilisation, but in which the latter only is 
efifectual in producing seed. 

(4.) — Spotted Orchis and Purple Orchis (Orchis 

maculata, 0. mascula). 

The fertilisation of the orchids is so remarkable, and presents 
such strange peculiarities, as to render these plants worthy of the 
closest scrutiny. Let us first of all recall their structure (comp. 
p. 108). The flowers are arranged in close spikes, and are irre- 
guiar (Fig. 307) ; the following parts are to be distinguished. 
On the top of the spirally twisted ovary (g) are the three nan'ow 
purplish parts (a b c) of the outer perianth. These form the 
upper portion of the flower. Between and within them are 
two smaller petals (e/), very narrow, and cleft at the tip. These 
are two of the petals proper. The third is directed downwards (d) ; 
it is much larger, has two lateral appendages, and is conspicu- 
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ously marked by streaks indicating the position of the nectary (L). 
It forma the landing stage upon which insects rest while sncking 
the honey. The streaks all tend to- 
wards the centre of the flower, at which 
point (i) we find the entrance to the nec- 
tary, wiiiiih is situated in the spur (n). 
Immediately over the entrance to the 
spur is a small club-shaped projection 
(s), to which the stamens and stigma 
are attached. These are of very pecu- 
liar structure, which cannot be made 
out e.\cept with the aid of a good 
magnifying lens. 

In Fig. 308 we have the stamens and 
atigmaofthe spotted orchis (OrcAtsmaeK- 
/aia),tentirae3 enlarged. Aboveisaclub- 
shaped structure (a III., IV.), which, 
when viewed from the front, is seen to 
be divided into two halves {a a. III.). 
Each half forms a membranous sac, open 

_ __ in front throughout its whole length. 

The membrane forming the wall of the 
sac is of a dull purple colour. Under the lens each sac is seen 
to contain a greenish-grey spheroidal mass, the surface of which 
is much furrowed. This mass consists of a number of pollen 
grains, which adhere to one another ; each sac is an anther lobe. 
The pollen masses (Fig. 308, III., and Fig. 309) are attached 
to very delicate stalks (s, Fig. 309, 1., II.), which are attached 
below to a flat viscid disk (k). While the pollen masses are yet 
in the sacs, the stalk and disk flt into a pouch-like protuberance, 
indicated by k in Fig. 309, III. This cup-like structure is elastic, 
so as to admit of its being easily pressed downwards. It reverts, 
however, to its original position when tlie pressure is withdrawn. 
The cup or rostellum, as it is called, is the dorsal part of the 
stigma, and contains the viscid disks to which the stalks uf the 
))ollen masses are attached. 

The following pretty little experimeut may now be made :— 
Push the point of a very finely sharpened lead pencil into the 
spur of the flower (m, FJg. 'MS), in the direction indicated by the 
anow (1.). The rostelhun is thus touched, upon which it moves 



Spotted orchid | Onhit 
jnacidata), nat. Hize. I. 
Front view ; 11. Sids view. 
3 Ovary ; a b cOiiter enve- 
lope : d e f CorolU ; d 
Lower lip ; t Its Uteral ap- 
liendagefl ; n Spur ; i En- 
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back, and the disk (A;) of the pollen mass comes into contact with 
the pencil point. When the pencil is withdrawn, the two 




Flo. SOS. 

Spotted orchis ( OrcACi numJaJa). — I. Flower, nde view. II. 
Do., front view. III. Stuueii and itigmk, front view. IV. Do., 
ude new. (1., II., mt. liie. ; III., IV., ten time* enlarEod.) 
I., II. Letten u in Fig. 307, III., IV. a Stamen ; p PoUen 
Inau ; r Roitelliini ; t Stignia ; n Entrance to iiput ; o Middle 
oater perianth petal. 

pollen masses will be found adhering to its surface (I., Fig. 309). 

Held against the light, we see with the lens that the stalks of 

the pollen masses hy-and-by 

begin to move, so that at 

length the masses, instead of 

being perpendicular to the 

surface of the pencil (I.), are 

parallel with it (II.). If we P^ 

now push the point of the 

pencil (II.)into another flower 

in the same manner as 1 

fore, it will be found that the 

masses are so placed as to 

come into immediate contact with the spot indicated by the letters 

I t (III., Fig. 308). This spot is the stigma, which is viscid. 

When the pencil is withdrawn, part of the pollen will be found 

to have adhered to it. 




Fro. 30G. 
Pollen maues of the orchid adhering 
to pendl point*, p Pollen maieei ; ■ 
Stalk ; I: DUIc, eiz timu enlarged. 
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From this experiment we can easily understand how the 
process of insect -fertilisation is carried on. The Empis fly 
{Enipis livida, Fig. 288) may be taken as a typical fertiliser of 
these orchids. Attracted by the brilliant colour of a flower, it 
alights on the broad lower lip, and, guided by the numerous 
spots and streaks, it thrusts its proboscis into the nectary. In 
doing so its head knocks against the rostellum, which imme- 
diately springs back, and the two pollen masses are clapped on 
to the insect's eyes. This can scarcely be supposed to be an 
agreeable surprise for him, but nevertheless he does not let it 
stand in the way of his enjoyment, but composedly retains his 
position in the flower until he has extracted all its honey. He 
then goes to another flower with like intent. Meanwhile, how- 
ever, the pollen masses have bent over, so that as soon as he 
enters the corolla they are at once pushed against the stigma. 
Upon leaving this flower he again carries ofif its pollen, which is 
left on a third stigma, and so on. These aiTangemeuts, complicated 
though they are, are yet so exact that cross-fertilisation is efiSected 
in almost every case. 



(5.) — Fly-Orchis (Ophrys muscifera). 

The process of insect-fertilisation in the orchids is in every 
way the most beautiful and interesting we have yet contem- 
plated. It gains yet more in importance from the fact that, 
besides the two already considered, nearly forty difierent 
species of these plants are to be found in Britain. All 
bear a certain resemblance to each other in structure, but 
the arrangement of parts differs in each, no two being exactly 
similar. If we also include foreign species, we shall find 
that among the orchids alone the arrangements for fertilisa- 
tion are far more numerous and varied than we could ever 
have imagined. 

The fly-orchis {Ophrys muscifera), for example, is fertilised in 
much the same manner as the species last under consideration, 
yet there are certain differences to be met with in the details 
of the arrangements by which fertilisation is effected. In 
Fig. 310 we have the flower of a fly-orchis, I. showing the 
front, TI. the side view. In general appearance this flower 
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is said to resemble a fly (whence the name), but it requires 
some stretch of the imagination to see this. 

The lower lip (labellum, u) is lai^e, and serves as a landing- 
stage for insects. It is marked by brownish purple streaks, and 
has a moist surface. The moisture is licked up 
by the insects (flies), which, while c 
it, gradnally move upwards from the n 
the centre {t), where are the two poUei 
{a a. III.). While in the ordinary orchids ' I 
there is but one rostellum, which forms a cup 
to contain the stalks of the pollen masses, in 
the fly-orchid it is bilobed, so that each mass 
has a cup to itself (r r). When the insect 
pushes iHkck the rostellum and liberates one 
of the pollen masses, that organ, being in- 
elastic, does not spring back to its old 
position. 

If in the orchids the rosteUum were inelastic, 
one of the pollen masses might be loat (its 
adhesive disk getting dried up) if the insect were 
not able to carry off both at onca Bat, being 
elastic, the rostellum is enabled to surround the 
remaining pollen mass, which is accordingly pre- Fly.Orehk [Ofhry, 
served until some other insect carries it away FlowCT'(iiat aiie)'; 
and utUises it for purposes of fertilisation. The iil. stamon, tantiinea 
elasticity of the rostellum is thus of great advan- enlwged ; / Ovary ; 
tage to the orchids, but in such a flower as the " ' Lower ^Pj" 
fly-orchis, where each pollen mass has a separate " ™^' " ^>^ 
cup, such a property would bo of no use, and, accordingly, has not 
been developed. 

The stalk of the pollen mass of the fly-orchis is S-shaped. 
About six minutes after the mass has been removed from 
the aac, this stalk will be found to have assumed a hori- 
zontal position. Now six minutes is just about the time an 
insect takes to get to another flower and finish sipping 
its store of honey, so that when the insect withdraws its 
bead from the nectary, the pollen mass is ready for trans- 
ference to the stigma (t I., II.). The latter is represented by 
the broad heart •shaped surface immediately below the ros- 
teUum. The insect, in the act of leaving the flower, knocks 
its bead against this surface, on which part of the pollen is 
thus deposited. 



EXAMPLES OF INSECT- FERTILISATION. 




fV WB^^ff ^^ t^<i centre of 

\w sJVijJ ' flower (n) is the entra; 

^K i,L to the nectary, whicl 

^lilll " of greatlength,the hoi 

* being secreted at 



{d.y-T/u BiiUerJly OreJm (Habenaria bifolia). 

As regards fertilisation, the butterfly orchis comes next in order. 

The perianth (I., Fig. 311) is composed of three broad white 

outer petals (o, u, u), and 

three narrow, lanceolate 

inner petals (v, I). The 

lowermost petal if 

directed downwards, and 

is known as the tongue. 

the 

e entrance 

', which is 

e honey 

being secreted at the 

Fia. 31]. lower extremity. Imme- 

Butterfly orchis f Habenaria bifolia).—!. Flower, diatfily OVev the entrance 

Pollen m»Me« in different 'poutiom. Ii.-V. 'taii to the nectary are the two 

bniei enlarged. / Ov»ry ; n Spur; so. pollen sacs (a). TMs 
Onlar pniuitli tegmeDta ; f Upper inner pariuith . , „ 

1« ; i Tongue ; a Pollen wcs ; * EntrMoa to spCCieS 18 a mght flower, 

. (II.) Stigm. ; i Di«k ; t PediceL. ; p ^nd aS BUch It is chaTBC- 

■atmet ; ( l Rudimentg of .nther. ^ ■ j l , .. 

tensed by a pale yellow 
colour and the absence of all markings. The flower diffuses a 
very strong sweet fragrance, especially by night. Fertilisation 
is eflected by means of nocturnal moths, &c., which have a long 
proboscis {ffadena, Fluaia, Cucullla, etc.), for which reason the 
plant has acquired it^ inaccurate popular name. 

The structure (II.) of the anther is somewhat different 
from that of tlie two orchids already considered. The longi- 
tudinal Assure by which each is traversed is not median, 
but lateral, and cannot be seen when the sacs are viewed 
from the front. The pollen masses are elongated {p, IIL), 
and have a cui-ved stalk. There is no cup containing fluid, 
but the two viscid disks lie close to the entrance to the spur 
(A, It.; k is one of the disks). As the moth sinks his long 
proboscis into the spur, the disks come into contact with its 
posterior extremity or with the iueect'a head (eyes). To one or 
other of these they adhere, beiu},' coated on the under side with 
a sticky fluid which readily hardens in contact with any foreign 
body. While tlie moth is on his way to another flower, the 
pedicels bend in the same manner as those of other orchids. 
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Here, however, the bendiog goes on to such an extent that the 
anterior portioa of the pollen mass is directed downwards and 
inwards, while its thick end splits asunder. 'Die pollen masses 
are then in such a position that when the insect passes to 
anotlier flower they must come in contact with its stigma. The 
stigma is situated exactly between the adhesive disks over the 
entrance to the spur (n), so that the moth cannot reach the 
nectary without having some portion of the pollen rubbed by 
it from it« head. 



(7.) — Hdleborine (Cephalanthera pallens). 

This orchid differs considerably from those we have hitherto 
considered. Witli the latter 
cross -fertilisation was a neces- 
sity, but in Cephalanthera 
seed is produced as the result 
both of self and of cross 
fertilisation. 

Fig. 312, I., represents a 
flower (natural size) as seen 
from the side. The flower is 
epigynous. The white petals 
of the perianth are closely 
united and curved inwards at 
the tips, so that the entrance 
to the corolla is almost tube- 
like. When the side petals 
(II. III.) are removed, the 
narrow labellum, togetherwith 
a long cylindrical column (a), 
may be seen. (These struc- 
tures are shown apart iu Fig, 
IV.) The column is directed „, . ■ - „ n /. i 

' , , Flower, nde view ; JI. Di>. titer remov&l 

towards the upper part of the of the Utenl pet&l ; III. Da. lunt^tudinal 
flower: it tapera off suddenly 'f^""; f^- ^{,°"" ''"'"'!"""!/,:" 

' ■' the petals with the exception of the 

at Its Upper end, where it sup- Ubellum, wde view ; v. Anthe™ and 

ports a lai^e knob, the anther 'Jls^ "j^ ^T.' Tlt^™ "r m' 
^ D ' flbuueaB aikI Btigma, iront view. i.-III. 

{a, IV. - VII.). The anther n«t. bIm ; IV. VI. two md a half timeo 

c„Mi,t. (M in examples 4 S'.^^i.Ti^.'TS.'STl i™. 

to 6) of two elongated sacs A Lkbellum ; i Column ; a Aathen ; li 

(VI., VII.). each of which con- ^""*'' '°"^ '• " ^'^^"^ 




UeUeborine {CfphalatUhrra yalitni.)—l. 
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tains a pollen mass. Immediately below this structure is the 
broad, disk-like stigma. While the flower is yet in the bud, the 
pollen masses are liberated from the sacs and bend forwards, 
their lower ends still attached to the inner surface of the 
sacs (IV., v.). Each mass meanwhile splits into two (VIL), 
after which pollen tubes (comp. p. 168) are developed, pene- 
trate the stigma, and reach the ovules. Fertilisation is 
thus effected without transference of pollen from another plant 
In addition to this, however, cross-feitilisation is by no means 
uncommon. 

The labellum (ft, II.-IV., VI.) is of very peculiar shape. It 
is divided into two halves (/, b, IV.), between which is a narrow 
junction. When the flower is open the boat-like anterior portion 
is bent somewhat downwards (b, IV., VI.), so as to form a con- 
venient though narrow entrance to the flower. The labellum 
has no nectar by which to attract insects, but it is dotted 
with numerous fleshy protuberances (Fig. VI.) which seemingly 
answer quite as well. The insects in devouring these come into 
contact with the anthers, and get dusted over with its granular 
pollen. On leaving for another flower the pollen is carried with 
them, and deposited on its stigma, which they cannot but touch 
as they consume their repast. 

Cephalanthera pallens is thus a plant in which self-fertilisation 
is common, particularly when the flower is not visited by insects. 
Gross-fertilisation, however, also occurs, and is of importance to 
the plant, inasmuch as cross-fertilisation is always productive of 
better seed (comp. p. 168-170). 

(3.) — Birth-wort (Aristolochia Clematitis). 

Of all plants, the birth-wort may be reckoned that in which 
the arrangements for insect-fertilisation are the most complete 
(Fig. 313). The yellow flowers ave arranged in a whorl 
round the stem (I.), their colour making them very con- 
spicuous. Moreover, insects are attracted by a peculiar and to 
us very disagreeable odour. In the long tubular flower (seen 
Fig. II. in longitudinal section) there are three parts to be dis- 
tinguished: the wide, funnel-shaped throat («, the entrance to 
the corolla), the long and narrow tube (r), and a lower cauldron- 
shaped expansion (Jc), which rests on the ovary and encloses the 



PKRTILlgATION OF BIRTH-WOET. 



221 



stigma and stamens. The two last-named parts are united so as 
to form a flesliy hexagonal body, from whose upper surface arises 
the stigma, while the six stamens (a) are directly iinit-ed to its 
sides. The inner surface of the tube is thickly beset with stiff 
hairs, the poiuts of which are directed downwards. These hairs 




Birth-imrt (Ariito/och'a Cltmaiitii). — I. Infloretcence, nkt. aize. 
11. Tmuverse aectioiu of flower before fertiliafttion : III. tio. kfterfar- 
tdliMtion. Two timeB enlarged. ■ Throat ; r Tube ; h Hair ; t 
Ckuldron- shaped expacaion ; n Stigma ; a Anthen ; /Ovtij. 

are moveable at their point of articulation with the tube. 
The inner side is quite covered with thick, stiff hairs, which, 
however, are readily moveable at the point of attachment (h), 
and the ends of which are directed downwards. 

The fertilisation of these plants is effected by small gnat-like 
insects. These fly into the wide opening of the flower and crawl 
down the tube, a task of no great difBculty, seeing that the 
downward direction of the hairs causes them to offer no hindrance 
to the passage of an insect. Eventually they reach the expansion 
at the lower end of the tube, which they take possession of as a 
safe hiding-place. When desirous of leaving the flower, they 
naturally trj' to return by the way they came. But now the 
hairs lining the tube, instead of parting to make way for them, 
effectually bar all means of egress, and the insects are caught 
like fish in a net. Eunning hither and thither in search of some 
outlet from their prison, they of course cross the large stigma, 
upon which is deposited the pollen they have brought with them 
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from some other flower. The stigma of the birth-wort ripens 
before the authers, so that this flower is protogynous. Im- 
mediately after the stigma has been fertilised, the anthers 
open (III. a), and are emptied by the imprisoned insects in the 
course of their distracted running to and fro. Meanwhile 
certain changes take place in the tube. The hairs lining it 
wither and shrink together, so that the road to the throat of the 
corolla once more presents no obstacle to the passage of insects 
(r, III.). The peduncle also bends over, so that the flower 
assumes a somewhat drooping position. The tiny prisoners now 
make their way outwards as fast as' possible, and fly off to 
another flower, where the above process is again repeated. Once 
more they are- imprisoned, and once more they deposit their 
burden of pollen on the stigma, only to have^it replaced by a 
fresh supply from the opening anthers. Finally, they once 
more regain their freedom, but, untaught by experience, speedily 
lose it in some other flower. 

Conclusion. — In the foregoing chapters we have gained some 
acquaintance with the manifold arrangements by which self- 
fertilisation is prevented, and cross-fertilisation secured. The 
importance of the latter process was insisted on from the very 
outset (see p. 168). We have seen how the almost endless 
variety in the form of flowers, and in the position and mutual 
1-elations of the different organs, can only be explained when we 
consider their requirements in respect of insect-fertilisation. 
The first two parts of this work treated of the form of the flower ; 
the third, which treated of the relation between plants and insects, 
has taught us how that form has come to be what it is. In the 
first two parts we were concerned with the form of the flower t n 
general ; in the third, with the form of the flower in particular, 
and with the causes hy which Us pectdiarities are determined. 

Although, speaking generally, we may say that crossing is the 
normal mode of fertilisation in many plants, we must not foiget 
that in many othei^s self-fertilisation is equally normal and 
almost equally successful. Such, for example, is the case with 
many insect-fertilised plants which are so circumstanced as not 
to be within reach of frequent and regular visitation. Fertilisa- 
tion may not then be productive of such great results ; but, in 
any case, self- fertilisation is to be preferred to no fertilisation at 
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all — imperfect to total fmitlessness. It would, however, appear 
that even where self-fertilisation is the rule, cross-fertilisation 
from time to time occurs, the result being invariably improve- 
ment of the offspring. 

Most plants are dependent on insects for the transference of 
pollen, these again being dependent on flowers for the means of 
continued existence. This mutual inter-dependence of insects 
and flowers — of the animal and the vegetable world — is one of 
the most surprising and remarkable phenomena in nature. 

Transport of Seeds and Fruits. 

Having completed our study of the aiTangements for cross- 
fertilisation, and for securing the utmost possible perfection in 
the nature of the seed, let us now look for a little at the means 
by which the future welfare of the young plant is provided for, 
and such advantages as good soil, &c. secured to it. 

Dissemination is, as we shall shortly see, of the highest import- 
ance to the plant. Suppose that a cherry tree, having had its 
blossoms fertilised by insects, bears exactly a thousand cherries, 
each one containing a seed capable of germination. All things 
being equal, we should thus have, were the cherry seeds sown, a 
thousand young cherry trees next year. But if the cherries were 
allowed to ripen on the tree, and, when they dropped off, to sink 
into the ground immediately beneath the parent plant, it would 
be impossible for all to germinate. Firstly, a thousand cherry 
trees could not all flourish in a spot where formerly there was 
only room for one ; and, secondly, the light and air and moisture 
would all be required by the parent plant, with the result that 
most, probably all, of the young plants would perish. We 
therefore find in the fruit of the cherry tree certain arrange- 
ments calculated to secure favourable conditions for the develop- 
ment of the young embryo it contains. Its beautiful red colour 
attracts the notice of many birds, which eagerly devour its juicy 
I)ericarp (comp. p. 76). The birds frequently carry the cherries 
to some quiet nook a long way from the parent tree, there to 
enjoy them unmolested. The hard kernel containing the seed 
is of course left intact, and is dropped on the ground. Here 
the young embryo, as it develops, has a far better chance in the 
struggle for life and light, than if crowded upon by others of its 
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own kind. We thus see of what great advantage to a plant is 
the esculent pericarp of its fruit. 

Most fruits and seeds have some special adaptation for securing 
their transport. ^ The transport of the ripe seeds or fruits is 
eflFected by water, wind, animals, or by spontaneous movements of 
the seeds themselves. 

1.— Water. 

Water is a very efficient agent in the dispersion of seeds and 
fruits. Still waters, stagnant pools, ponds, lakes, &c., are of less 
consequence in this respect than running streams or ocean 
currents. Of the importance of the latter we have ample 
evidence when we consider the flora of the banks of some river, 
rising, say, among the mountains, and then wending their way 
towards the sea through level plains and grassy meadows. 
Their lower course is frequently characterised by certain 
species of mountain plants, whose seeds have been brought 
down from the uplands by the waters, and cast ashore at some 
point where they have found conditions .favourable to their 
germination. At the North Cape, the seeds and fruits of various 
Mexican species have frequently been found borne thither and 
cast ashore by the waters of the Gulf Stream. . In like manner 
the hard seeds of the " paternoster seed " {Ahrus precatortus) are 
washed up on the shores of many tropical countries by ocean 
currents, and the tree is thus common all along their sea-coasts. 
The wide range of the cocoa-nut palm {Cocos miciftra) is also 
thus accounted for. Its large nuts, with which we are all 
familiar, may be carried by ocean currents for hundreds and 
even thousands of miles, after which, when washed ashore, they 
are still capable of germinating. 

Fruits or seeds dispersed by water have the following dis- 
tinctive characteristics : — 

(1.) They are lighter than water, bulk for bulk, and so are 
enabled to float on its surface. 

(2.) They are impermeable to water, and so do not spoil in 
course of transport. 

(1.) Seeds or fruits which are heavier than water sink to the bottom, 
ana there perish. The fruit of the ivory nut {Phytelephas niacro- 
carpay see p. 11 3), for example, cannot on this account be transported 
by water. Some fruits {c.g,^ those of the water-lily) are enabled to 
keep afloat by means of large air-spaces which they contain. 
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(2.) Many seeds are easily damaged by water, and so cannot avail 
tbemselves of ibis means of transport Tbose wbicb are transported 
by water usually bave some provision for securing tbem from tbe 
injurious effects of damp. Many (e,g,, tbe fruits of tbe arrowbead 
{Sagittaria sagittifoliaj Fig. 161, II., p. 105) bave a smootb, oily rind, 
wbicb tbe water cannot penetrate. In otbers, again, tbe rind is woody 
and fibrous (cocoa-nut), and so tbick tbat tbe water cannot reacb tbe 
seed. Seeds may remain unbanned in fresb water longer tban in salt, 
tbe many mineral constituents of tbe latter enabling it to penetrate 
more quickly to tbe contained embryo. Comparatively few plants 
bave as yet been found wbose seeds or fruits are capable, like tbe 
cocoa-nut, of resisting salt water during an indefinite period. 

2.— Wind. 

Begarded as a means of transport, wind is much better than 
water, inasmuch as it bears the seeds much more swiftly to their, 
destination. Moreover, while water can only cany the seeds to 
river banks or sea coasts, wind can bear them to the most in- 
accessible spots among the mountains, &c. Very lofty mountain 
chains and broad arms of the sea do, however, usually act as a 
barrier to the dispersion of seeds, — the former because their 
summits rise above the height of a particular aerial current, the 
latter because the seeds gradually sink while being carried across 
them, and, falling into thfe water, perish before they reach the 
opposite side. 

Special organs for the conveyance of seed by the wind usually 
take the form of hairs or feather-like structures, attached either 
to the fruit as a whole, or to the individual seeds. A broader 
surface is thus obtained, while the weight is not sensibly 
increased, and the seed is therefore enabled to remain longer 
suspended in the air. Sometimes the hairs, &c. are so disposed 
that the seed on separating from the plant falls with a rotatory 
motion, by which the wind is enabled to catch it up more readily. 

Organs for flight are more commonly found on fruits than on 
seeds. Some fruits, indeed, owe their popular names to the fact 
of their being possessed of such organs. 

In the bignonia (Bignonia erhinata of New Granada) tbe seeds are 
provided with delicate membranous transparent wings, by which they 
are kept suspended in the air, while describing large circles, after tbe 
manner of a bird of prey. 

Tbe winged fruit of tbe maple is familiar to all (Fig. 125, p. 73). 
A single fruit, after separating from tbe plant, rotates slowly down- 
ward through tbe air. Tbe wind thus has an opportunity of catching 
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it up and bearing it to some distance. The winged nuts of the 

elm (Fig. 124, p. 73) and the ash have 
similar arrangements for ensuring dissemina- 
tion. 

In the lime the bract at the base of the 
inflorescence serves the same purpose as the 
wings of the maple, &c After the fruit is 
ripe the inflorescence drops off and falls to 
the ground, in the position seen in Fig. 3U. 
While falling, it slowly rotates around the 
peduncle (main axis). 

Downy or hairy appendages are 
common on seeds and fruits, and form 
very eflScient instruments for their dis- 
persion by the wind. In many plants 
the seeds are completely covered with 
• . long hairs ; in others, again, the hairs 

Bract of the lime-tree j • x r-i. *. _a • _•. 

{Tdia parvifoiia), which ^^^ arranged in tutts at certain parts. 

terves to support the fruit Of thcse numerous and beautiful arrange- 
in the air ; pomtion durins a i i i ^ i^ 

deeoent from the tree ; nat ments we Can here only glance at a few 
■^ of the more perfect. 

The willow is an example of a plant having hairy seeds, the hairs 

in this case forming a tuft. In the Pasque flower 

(Pulsatilla praiemtisj Fig. 315, I.) and the 

Alpine anemone (Pulsatilla alpina^ Fig. 315, 11.) 

jl I the style of the ovary remains attached to the 

fruit The style is covered with silvery, shining 
hairs, by which the fruit is enabled to remain 
suspended in air. 





In the Composite, the calyx, with few 
exceptions, is specialised as a means of 
flight ; it forms what is called the pappus of 
the fruit (p. 128), and consists of a number 
of long, rigid hairs, arranged in a circle at 
the upper extremity of the achene (p. 73). 
Each hair is either simple (as in the dande- 
Via, 315. liQn) Qp feathered (as in the Pennisetum). 

I. pLque^^floweTcT^M/- ^^gs- 3^7 and 318 represent the achenes of 
mtiiia pratenMis), II. two of the Composita*, suiTounded by such 

Alpine anemone (Put- ri* t^* oi^r* r -m. i> 

miiila aipina); twice ^ crown of hairs. Fig. 317 IS a fnut of 
enlarged. the dandelion. Its upper extremity is pro- 

longed so as to form a thin style like process, far surpassing 
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the fruit proper in length, and bearing at its tip the delicate 
pappus, which may here be compared with a parachute. In con- 
sequence of this arrangement the achene falls to the ground in 
the position shown in the figure. The parachute in Fig. 318 
(hawkweed, Hieracium praaltum) is of similar construction, 




P«ppja.— Fig. Zie.—Penniartian. Fig. 317.— DiodBlion {Tamxaeum 
offieinaie). Fig. 318.— Hawk ireed (Hitraeium pr^altum). Fig. 319.^ 
BnlniBh {Typka anguttifolia] ; about four timea tmUrged. 

only that it rests immediately on the fruit, and is less widely 
expanded. The bulrush {Typha angustifolia. Fig. 319) pro- 
duces a large number of small, indehisccnt fruits. The lower 
extremity of each is prolonged downwards so as to form a slender, 
delicate pedicel, from which arise at three or four points a 
number of silvery hairs. These are arranged in whorls, and 
support the fruit in the air. The pappus of the Mexican 
Penimttum (a species of grass) is very remarkable. The stalk 
of each spikelet is covered with numerous strong hairs, some of 
which are feathered. These surround the fruit, and enable it to 
be transported by the wind to great distances. 



3. — Animals. 
In the dispersion of seeds, as in the crossing of fiowers, 
animals play a highly important part. Whereas cross-fertilisa- 
tion 'is mainly effected by insects, the dispersion of seeds and 
fraita is commonly promoted by the agency of larger animals, 
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such as birds and mammalia. The characteristics of fmiU 
designed to be dispersed by animals coincide very closely with 
those of flowers fertilised by insects (p. 178, &c.). They are as 
follows : — 

(1.) They are conspicuously coloured, so as to render them 

visible at a distance. 
(2.) One or other portion is fleshy and succulent, and suitable 

for food. The fleshy portion is usually the pericarp. 
(3.) Their seeds are hard externally, so as to protect the 

young embryo from harm until it has reached a spot 

where it may germinate in safety. 

(1.) Colour. — The colour of edible fruits is usually such as to 
make them readily distinguishable some way off. This is managed 
by the development of such tints as may most easily be made 
out against the green background of foliage — red, black, yellow, 
white, &c. Most of our native edible fruits are red (of all shades, 
from deep crimson to pale pink) ; others are black or bluish- 
black ; a few white or yellow. If the individual fruits are small 
{e.g.y berries), they are made more conspicuous by being aggre- 
gated into bunches (compound fruits). Their position is also 
of importance in this respect, for such as are hidden by leaves 
cannot possibly attract attention so easily as those which stand 
out from the surrounding foliage. Some fruits even remain on 
the parent plant for some time after the disappearance of the 
leaves, this being their only chance of securing the coveted 
attentions of birds, &c. 

Native plants having red edible fruits are — the barberry {BerlterU 
vulgaris), the spindle -tree {Euonymit^ europ(Pus)f the strawberr}' 
(Fragaria v€sca\ the rose {Rosa cani'na), the hawthorn {CraiirguM 
Oryaraniha)y the raspberry (Rubus Lheus), the rowan (Pf/nis aucu- 
paria), the currant (Ribes nibrum), the dogwood (Cornus mtu), the 
elder {Sumburus rareinosa), the guelder rose ( Viburnum Opulus\ the 
woodbine or honeysuckle (Lonicera Perich/menum and Lonicera 
Xfjlosteu7n)f the red whortleberry {Vaccinium Vitis idaai), the cran* 
berry ( Varriiiium Oxycorms), the bearberry {Arrtostaphylos Ura 
Ursi)f the holly (Ilex Aquifolium), the daphne {Daphne Mezereum), the 
arum {Arum viaculatum), the asparagus (Asparagus officinalis\ the 
lily of the valley (Cunvallaria majalis\ &c. Blue, bluish-black, or 
black edible fruits are those of the alder (Rhamnus cathartica\ the 
sloe {PrunuM spinosa), the bramble (Rubus polymorph^is)^ tlie elder 
(SambucfUf nigra\ the bilberry ( Varcinium MyriiUus\ the crowbcrry 
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{Empetrum nigrum)^ <&c. White berries are those of the mistletoe 
( Viscum album), and snowberry (Sjpnphoriearpus racemosm) ; yellow, 
those of some species of honeysuckle {Lonicera tartarica). 

In the barberry, the rowan, and the elder we have examples of 
fruits where a large number are clustered together so as to render 
them more conspicuous. 

The bright scarlet fruits of the barberry hang in loose clusters, 
while those of the rowan and the elder are arranged more closely, 
the berries of the rowan being red, those of the elder black. We 
have already said that fruits can more easily be detected by birds, 
&c., the fewer leaves they have about them. In early autumn, for 
example, the thrushes may be seen picking only such elder berries as 
grow at the extremities of the branches. Not until later in the 
season, when food is getting scarce and the leaves are falling, do they 
begin to look for those lying hidden beneath the foliage. 

(2.) Foods. — The fruits most sought after by animals are those 
which they can utilise as food. These are almost all Jleshy 
fruits, in which some part has developed into a soft, juicy pulp, 
which constitutes the food in question. The part so developed 
is generally either the pericarp (p. 71), or the calyx (as in the 
rose), or the receptacle (as in the strawberry). We thus see 
that very various parts of the fruit may become succulent, just 
as we formerly saw that very various parts of the flower may 
secrete honey. The seed alone cannot be consumed (being 
frequently very hard), for were it easily destroyed, the con- 
tinuance of the species would be imperilled . 

The seed may be dispersed in two ways. Either the bird 
flies ofT with the fruit in its beak, and having consumed the 
edible parts, drops the seed on the ground, where, if circum- 
stances are favourable, it germinates, or the seed is actually 
swallowed, and is only sown after having passed through the bird's 
stomach and intestines. Owing to the hardness of the shell in 
which it is enclosed it escapes digestion, and passes out of the 
body in the faeces, which afterwards act as manure to the 
germinating embryo, and so favour its further development. 

(3.) Protection of tlu Seed, — The seed, as already remarked, is 
protected by the hard woody endocarp or shelL More rarely 
it is the mesocarp which becomes woody (see p. 71). In any 
ease the woody layer is always hard and thick enough to resist, 
the sharp beak of a bird, or the efiect of the digestive juices in 
the stomach. 

It rarely happens that the seed itself is the food sought after by 
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animals. Even when such is the case, however, disBemination ia 
effected, for animals in storing up the seeds as a provision for tbe 
winter occasionally drop Ihem as they carry them off to their nesbs 
and if this happens where the soil is congenial, the embryo is enabled 
to develop. Thus the squirrels must be very active agents in the 
dissemination of the hazel, considering the large quantity of ita nnla 
which they store up every autumn. 



Fruits of the kind hitherto coDsidered may be conveoieiitly 
termed fleshy fruits. They are all attractive to animals on 
account of the food they afford. 

There remains, however, yet another class of fruits whose 
seeds are dependent on animals for dispersion. These, on 
account of certain qualities which we shall presently describe, 
may he termed adhesive fruits. Their external surface is beset 
with small points, bristles or prickles, by which they are enabled 
to cling to the fleece or plumage of any animal with which they 
may come in contact. They are thus frequently carried to great 
distances, eventually getting brushed off in one way or another, 
and so placed in a position favourable to germination. 

The fruits of the hound's-tongue {Cynoglotsam o0cinaU, Fig, 
320), for example, are covered with little, curved, hook-like 




Fia. 320. Fio. 321. 

AdhtMiH Fruili. Fig. 320.— Hound"*- 
gUuun vJieinaU]. Fig. 321.— .Tack-in-the-hedge(Ai&viii 
Apariar). Fig. 322.— Wixdavuna (ffruBi srAanuni), 

prickles, which cling very lirmly to any rough surface. The 
surface of the spheroidal fruits of the conunon " run-the-Iied-ie " 
(Galium Aparine, Fig. 321), is furnished with similar hooked 
prickles. In the wood-avens {Geum urbanum. Fig. 322) the 
style is persistent, and develops so as to form a strong book at 
the summit of the fniit. Every one is familiar, too. with tht 
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burdock. Its bracts are covered with little hooks, by means of 
which the whole inflorescence (the plant is one of the Compositse) 
clings with such firmness to the wool or hair of passing animals, 
that it can scarcely be got rid of again. On the whole, how- 
ever, the dispersion of adhesive fruits is more a matter of chance 
than that of the fleshy fruits, and does not occur so frequently, 
animals not being dependent on such fruits for food. 

While wind and water (more especially the former) are not to 
be despised as dispersive agents, it is to be noted that animals 
are unquestionably superior in this respect. Birds, for example, 
wiU carry the seeds of a certain species of plant for great dis- 
tances in perfect safety, whereas, if borne by the wind, they 
would be dropped on the first obstacle that presented itself, or 
perhaps fall to the ground only a short distance from the parent 
plant. The wind, we said, could not carry seeds over lofty 
mountain chains or wide arms of the sea, but to birds of passage, 
for example, these form no obstacle. Many inaccessible heights 
are by their agency covered with verdure. Take the following 
as an example of their usefulness in this respect. The American 
currant (Phytolacca decandra)^ an American plant, was long ago 
introduced into the south of France, and extensively cultivated 
at Bordeaux, the dark red juice of its berries being used to 
colour the wines produced in the district. These berries are 
greedily devoured by certain species of birds, with the result 
that the plant has now spread over all Southern France and 
Switzerland, and is now common even in the Tyrol 

4. — Mode of Dehiscence. 

We have already (see p. 77) had occasion to observe that the 
pod of the balsam (touch-me-not, Impatiens noli tangere), will 
spring open at the slightest touch> and scatter its seeds to a great 
distance. Similar phenomena are also seen in other plants. 
A certain species of cucumber (Momordica Materium) indigenous 
to Southern Europe, and more particularly to Greece, has a 
green prickly fruit about 5 cm., long. When ripe, the slightest 
touch is sufficient to cause the fruit to spring from its stalk. 
The seeds are embedded in a quantity of viscid fluid, and 
when the fruit springs from the stalk, are sent with a gentle 
whizzing sound to a distance of five or six yards. In many 
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papilionaceous flowers the valves of the pods as thej open 
curl up, and jerk the seeds to some distance. The three-celled 
capsule of the violet (Fig. 99, II., p 57), dehisces by three 
separate valves, each of which is bordered by a row of seeds* 
The valves as they dry roll together until their edges meet, when 
the seeds are suddenly scattered far and wide. Many similar 
instances might be cited, but these are sufiicient to show that 
the movements of the fruit in dehiscing are no unimportant 
means of dispersion ; compared with those previously considered, 
however, they sink into imimportance. Water, wind, and 
especially animals, are the great agents concerned in the dis- 
persion of plants over large areas. The " struggle for existence " 
is thus maintained between species and species on somewhat 
equal terms, and the chance of extermination in a great degree 
diminished. 



PART IV. 



ANATOMY AND PHYSIOLOGY. 

Introduction. 

Scape of the Science of Botany. — The sciences dealing with 
organisms (that is, with animals and plants, see p. 97), viz., 
Zoology and Botany, pursue in modern times the same method 
of investigation, and start from the same fundamental principles. 
The justification of this unity of method and fundamental prin- 
ciple lies in the fact, which must never be lost sight of, that 
both animal and vegetable structure and function are now known 
to be based on the same essential phenomena. 

When, about two hundred years ago, the study of animals and 
plants began to be taken up with some degree of earnestness, 
naturalists first of all directed their efforts to a comparison of 
the form assumed by similar organs in different organisms, with 
the result that much variety was found to prevail. It was also 
found that the same peculiarities were possessed by a number 
of animals or a number of plants in common, and these common 
characteristics were used as a means of distinguishing species. 
Further, known species were arranged together in larger groups, 
in such a manner that species possessing the greatest number of 
characteristics in common were placed nearest to each othei*, 
those with fewer characteristics in common further away. A 
classification of plants and animals according to anatomical 
structure was thus formed, and received the name of Si/stem. 

In the province of Botany, Joseph P. Toumefort, Linnaeus, A. 
L. de Jussieu, and A. P. de Candolle were more particularly con- 
cerned in the elaboration of this system ; in that of Zoolog}', 
Linnseus, Jean Lamarck, and Georges Cuvier. The creator of 
the modem system was, however, Linnseus, whose works on this 
subject afford the type on which all subsequent attempts at 
classification have been formed. 
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Joseph Pitton de Tournbfort was bom in 1656 at Aix, in Provence, 
and from 1683 was Professor at the Jardin des Plantes in Paris, where 
he died in 1708. His principal work appeared in 1708 under the 
title " Institutiones Rei Herbarias " (Principles of Botany). 

Karl LiNNk (usually Latinised as LinnsBUs) was bom in 1707 at 
Easbult, in Sweden, was appointed Professor of Botany at the 
University of Upsala in 1741, and died there in 1778. His writings 
are extremely numerous, had passed through many editions by the 
beginning of this century, and up till forty years ago were the sole 
standard for botanical classification. The great work of Linnaeus, in 
which he unfolded a new system, classifying the three kingdoms of 
Nature, appeared in 1735 in folio : " Systema Naturae, sive Regna tria 
Naturae systematice proposita " (The System of Nature, or the Three 
Kingdoms of Nature systematically presented). 

Antoinb Laurent de Jussieu was bom in 1748 at Lyons, and in 
1770 was made Professor at the Jardin des Plantes ; he died in Paris 
in 1836. His most important botanical works are *^ Genera Plantarum 
secundum ordines naturales disposita," 1789 (Plants grouped accord- 
ing to their Natural Orders), and *' Principes de la m^thode natuielle 
des V6g^taux," 1824. 

AuGUSTiN Pyramb db Candolle was bom m 1778 at Geneva, and 
died there in 1841. He began the work lately concluded by his son, 
Alphouse de Candolle, who is still living at Geneva. This work is in 
seventeen volumes, and is entitled ** Prodromus systematis naturalis 
Kegni Yegetabilis," 1824-1873 (Essay towards a Natural System of 
Classification in Botany). This very important work contains the 
systematic classification of the dicotyledons (see p. 115), with a precise 
description of all known species. 

Jean Lamarck was bom in 1744 at Barentin, in Picardy, became 
Professor of Natural History at the Jardin des Plantes, and died in 
Paris in 1829, having been blind for a number of years. Of bis 
numerous zoological and botanical works we may mention '' Systeme 
des Animaux sans Vert^bres," 1801, and *' Philosophie Zoologique," 
1809. 

Georqbs Cuvieu was bom 1769 at Mompelgard in Wiirtemberg, 
removed at an early age to France, and in 1795 was appointed 
Professor of Zoology in Paris. He was not only a zoologist, but the 
founder of comparative anatomy. He died in Paris in 1832. His prin- 
ci{)al work is "Le Kdgne Animal distribu6 d'apr^ son oiganisation." 

While attention was thus being directed towards a systematic 
classification of animals and plants, individual naturalists began 
to devote themselves to the study of their vital phenomena. 
In the ancient world the Greek philosopher Aristotle of Stagira 
had led the way in this department of inquiry, his researches 
being, however, confined solely to the animal kingdom. Down 
to the close of the seventeenth century the vital phenomena 
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of plants had not yet been brought within the scope of human 
study. It was Marcello Malpighi and Nehemiah Grew who 
began the investigation of the minute structure of plants, and 
of their vital processes, their labours being followed up by those 
of Hales, Ingen-Houss, and especially Theodore de Saussure. 

Aristotle, the celebrated Greek philosopher, was bom in 384 b.c., 
at Stagira, and died in 322 b.c., at Chalcis, in Eubcea. Among his 
numerous writings are many treatises on animal structure and functions, 
which were much read in the Middle Ages. These remained for long 
the only works on natural history, no attempt being ever made to 
improve upon them. 

Marcello Malpiohi, bom in 1628 at Crevalcuore, near Bologna, was 
after 1656 Professor at Bologna, Messina, and Pisa. In 1691 he was 
appointed physician in ordinary to Pope Innocent XI L, and died in 
Kome in 1694. Malpighi was a man of great versatility, being cele- 
brated as a physician, as an anatomist, and as a physiologist. He was 
the first to write a treatise on the structure of plants — " Anatomia 
Plantamm"(1675). 

Nehemiah Grew was born in 1628 at Coventry. He studied 
medicine, and practised as a physician. In 1677 he was nominated 
Secretary of the Royal Society of London. He died in 1711. His 
work on the structure of plants bears the title "The Anatomy of 
Plants, with an idea of a Philosophical History of Plants " (1672). 

Stephen Hales was born in 1677 in Kent, and died in 1761. He 
was at once naturalist and theologian. His principal work on the cir- 
culation of sap in plants is entitled " Statical Essays" (1727). 

Jan Inoen-Housh was bom at Breda, in Holland. He became a phy- 
sician, settled in London, near which city he died in 1799. His great 
work bears the title " Experiments upon Vegetables, discovering their 
great power of purifying the common Air in the Sunshine, and of injur- 
ing it in the Shade and at Night" (1779). 

Theodore de Saussure, the most celebrated of the older school of 
physiological botanists, was bom in 1767 at Geneva, where he died in 
1845. His great work, "Recherches Chimiques sur la V6g6tation," 
appeared in 1804. 

Since 1840 the science of the vital phenomena of organisms 
has been largely developed, and it is now thoroughly recognised 
that the problems concerned with the phenomena of animal and 
ve^^etable life aflford one of the greatest fields for the scientific 
inquiries of the future. 

Seeing, however, that the manifold phenomena of life are 
bound up with individual parts or organs of the body, and are 
called forth by the operation of one or more of these organs on 
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others, it follows that exact knowledge of these phenomeua can 
only be the result of careful study of the various parts of the 
organism. Anatomy, or the science of structure, must precede 
physiology, or the science of function. These two branches of 
our subject now fall to be taken up in their order. 

The science of botany, as of zoology, is divided into two great 

parts — 

(1.) Morphology, or science of Forvi, 
(2.) Physiology, or science of Function. 

(1.) Morphology, or the science offonn, embraces in its widest 
sense all that can be known of the form of any part of an 
organism. Morphology has to do both with the internal and 
with the external parts of the body. Strictly speaking, it 
should begin with the simplest — that is, the smallest — ^parts,and 
go on to examine how these are combined so as to form more 
and more highly complicated organs. In this way it would 
finally attain to a complete conception of the organism itself. 
In an elementary text-book, however, there are many difficulties 
in the way of this course, even though it be the right one. 
Here it will be advisable to start with the external form, this 
being much more easily understood than the internal structure. 
We, therefore, divide the science of morphology into the three 
following parts : — 

(a.) External morphology (science of external forms), or 
science of forms in the narrower sense (organography). 
(J.) Internal morphology, microscopic anatomy, or histology, 
(c.) Comparative morphology, including classification. 

(a.) External morplvology (organography) has to do with the 
form of the external and more general characteristics of the 
plant, treating of the diflferent forms of leaves, flowers, &c, for 
example. It shows how to form a distinct general idea of what 
is comprehended under the tenn leaf, flower, &c., and from that 
to gain a clear conception of the organism as a whole. 

Of the organography of plants, we already know something 
from Part I. 

(J.) Histology, or intei*nal morphology of the organs, teaches 
how all the organs treated of by external morphology are 
composed of a greater or less number of individual parts. 
Properly, it should proceed from the simple to the complex. 



ii 
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Beginning with the smallest recognisable parts of the organism, 
it acquaints us with the nature of these elementary factors, shows 
how these fit into each other, and how out of them are built up 
the most complicated structures. The competent elements being 
too small to be perceived by the naked eye, histology in the 
main has been developed only in modem times, i.e.. since 
microscopes and other appliances have been introduced.^ 

(c.) Comparative Morphology and History of Development, 
—General morphology (and anatomy) may investigate any form 
of animal or plant whatsoever, without regard to the distinctions 
of species (see p. 97). Comparative morphology (including 
comparative anatomy) deals with the same organs in a whole 
series of different animals or plants. It has to do not only 
with the form and texture of that organ, but also with its posi- 
tion in or on the body, and with the number of smaller parts 
concerned in its structure. It must thus give some account of 
how the same organ varies in structure in different organisms. 
Accordingly it is enabled to separate the essentially like from 
the essentially unlike, series being thus obtained, the extremes 
of which, though apparently widely different from each other, are 
yet bound together by an unbroken chain of intermediate forms. 

In many cases, however, it is not enough to compare the 
actual organ in different beings, but it is necessary to study it in 
all stages of its growth and development. This latter is the 
special province of embryology, which is an important and in- 
dispensable branch of comparative morphology. Among other 
things, it brings to light many important points of resemblance, 
which the fully developed organ fails to show. 

By the methods here given, comparative morphology finally 
arrives at the comprehensive conception of an organ of whatever 
kind, a conception distinguished from that of pure (not compara- 
tive) morphology, inasmuch as it is to be regarded as an inference 
drawn from a series of observations. The corresponding con- 
ception of pure morphology, on the other hand, is obtained from 
a single observation. 

If, for example, we describe with the utmost precision all the organs 
of any plant whatsoever, we have only succeeded in solving a problem 

^ The compound microscope waa invented at ibe end of the sixteenth century 
by Hans and Zecharias Janasen, two optidanB of Middelburg, in Holland ; it waa 
essentially improved in the first half of this century by Amici (1827) ; alao by Hugo 
von Mohl (1846) and others. 
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in pure morphology. If, however, we compare even in the ronghest 
manner the different kinds of stem to be met with in various plants, 
and thus get a comprehensive notion of what is meant by the term 
axis (pp. 8-15), we have entered upon the field of comparative 
morphology, and have pursued a more scientific mode of inquiry than 
in our former study. A truly scientific treatment of morphology and 
anatomy is possible only by the comparative method. 

There are two points from which comparative morphology may 
view the organs of a given animal or plant. 

(1.) According to their structure, position, and development, 
organs which agree in these points (which are morphologically 
comparable) are said to be homologous, 

(2.) According to their function in the living organisms, all 
organisms which are capable of being compared in respect of 
their functions (which are physiologically comparable) are said 
to be analogous. 

Equivalent or homologous organs are often very dissimilar iu 
the external form, which they assume in different organisms. In 
all cases, however, the minute structure and the position is the 
same. 

The fore legs of mammalia, the wings of birds, and the fins of fishes 
are homologous or equivalent organs, all of which are included under 
the general term fore HmbA. Their outward form, which is mo<lified 
according to the respective functions they have to diBchai^ in par- 
ticular cases, is very different in different animals. The structure, 
however, is the same in all. All the three organs above mentioned, 
for example, contain corresponding bones, and their position, both 
to each othdr and in relation to the vertebral column, is the same in 
every case. So in plants, hairs and prickles (pp. 79-81) are homologous 
organs, though very different in their external form. 

Similar or analogous organs for the most part resemble one 
another in outward form. They may, however, differ widely in 
structure and position in different organisms. 

The wings of birds and the wings of insects are similar or analogous, 
and therefore in respect of function comparable, organs. Both are 
used as organs of flight, and accordingly have a similar outward form. 
When, however, we come to consider their anatomical structure and 
their position, we find that there is no comparison between them. Stem 
and leaf tendrils (sec Figs. 19 and 48, p. 14 and 31) arc analogous organs ; 
both are used in climbing, and are externally of very similar form. 
We know, however, that the former belong to the stem, the latter to 
the leaf. Oi>^ns at once both equivalent and similar are, for example, 
the wings of bats and the wings of birds. 
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In common language analogous parts have mostly the same name, 
while homologous parts have frequently different names. 

For comparative morphology, the structure of the organs, 
their position, &c. (that is, their equivalence or homology) is the 
main matter. From this point of view, function and the ex- 
ternal form conditioned by it (that is, similarity or analogy) is 
a subordinate consideration. Comparative morphology arranges 
the organs according to homology, not according to analogy. 

In Part I. we therefore distinguished the organs of the plant into 
root, stem, leaf, and hair structures, including, imder the head of 
stem-structures, for example, stem-tendrils (p. 14), under that of leaf- 
structures, leaf -tendrils (p. 31) — by no means ranking the two side 
by side as organs for climbing (comp. also thorn and prickles, 
pp. 79-81). 

If we coiApare all the homologous organs in the bodies of 
known organisms, we shall find many possessed by a number 
of species in common^ and agreeing in structure to a greater or 
less extent. Organisms having many homologous organs of 
similar structure are said to be related. The degree of relation- 
ship is in accordance with the number and agreement of the 
homologous parts. System (p. 96) consists in the arrangement 
of animals and plants according to the relationship existing 
between them. System is based on the results of comparative 
morphology Tand on the history of development), and is the 
outcome of the study of homologous parts in different species. 

A corollary deducible from this proposition is that that system 
alone is valid, or is a natural system, which takes account of eAl the 
structural peculiarities of organisms, both in their actual and in 
their embryonic or developing state. All systems based one-sidedly 
on isolated structural peculiarities are to be rejected as artificial ; 
equally clear is it that in general analogies are not to be depended on 
in the formation of a system. It would be an entire mistake, for 
example, to class whales with fishes, as Aristotle has done, because 
of their fins, or to divide plants into trees, shrubs, and herbs after the 
manner of Toumefort and most of his predecessors. 

(2.) Physiology, or the science of function, in its widest sense 
comprehends all studies directed to the knowledge of organic 
life. By the term life, we mean the sum of all expressions or 
phenomena of life, that is, all the processes which, standing in 
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intimate connection with each other, tend to the preservation of 
the organism. The sudden cessation of all manifestations of life 
is called death, and its immediate consequence is the dissolution 
of the organised parts of the body into non-organised chemical 
combinations (gases), under the influence of the oxygen of the 
atmosphere (putrefaction, slow combustion). The origin and 
ultimate cause of all vital phenomena are physical and chemical 
processes (molecular movements). The factors proper in the 
\dtal processes are the elementary or ultimate constituents of 
all the tissues of the body. Physiology must therefore start 
with the study of the vital phenomena in these elementary 
constituents, viz., the cells, and thence pass to the investigation 
of the more complicated processes, in which a large number of 
cells co-operate. 

Physiology may also investigate the function of each organ 
as a whole, omitting the study of the ultimate parts. It does 
not restrict itself, however, simply to the discovery of the 
functions of a given organ, but likewise considers the influence 
exercised by the surrounding media on the development of that 
organ. Of this branch of physiology,^ we already know some- 
thing from the foregoing section ; it seeks to explain the func- 
tional import and origin of morphological characters. 
' Physiology, or the science of vital function, is based partly on 
physics and chemistry, partly on morphology and anatomy. Its 
facts are tested by experiment. By experiment we are enabled 
to modify the natural conditions by which a given function is 
produced, and thereby to bring about some variation or abnor- 
mality in that function. In this way we may increase at will 
the number of possible observations, and thus we are enabled to 
distinguish between the essential and the non-essential, the 
normal and the abnormal. The first condition of all correct 
knowledge of any vital function is, that the experiments con- 
ducted with a view to its investigation be arranged in a full and 
logical series, and carried out without error. The physiological 
botany of modem times is entirely founded on experiment, a 
method of investigation introduced mainly by Theodore de 
Saussure, and elaborated chiefly by Xageli and Sachs. 

* Physiology litenJly meaiiB the nature of grotcih (Greek, phytU aiid logm). 
Another branch of physiology is peycholcigy (ptyrhe)^ or the science of nervous 
action. This department, however, lies quite outside the sphere of botany. 
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In his work already referred to (p. 235), Theodore de Saussuie dealt 
mainly with the processes of alimentation and respiration, and was the 
first to give a complete and pertinent series of experiments. 

Julius von Sachs, bom 1832, at Breslau, now Professor of Botany 
at Wiirzburg, experimented on the chemical changes which take place 
in seeds during germination, on the growth of the root and the stem 
(the mechanics of growth), on the influence exercised on growth by 
light and heat, &c. His principal works are — ** Handbuch'des Experi- 
mentalphysiologie der Pflanzen," 1866 (Manual of Experimental 
Physiology of Plants), "Lehrbuch der Botanik," 1874 (Text-Book of 
Botany, Eng. Trans., 2d Ed., 1884); and " Vorlesungen Ueb. Pflanzen- 
Physiologie " (Lectures on Vegetable Physiology). 

While we divide morphology into pure and comparative 
morphology, a corresponding division of physiology is as yet 
impossible. At present we have only 'pure physiology; the 
elaboration of comparative physiology lies mainly in the future. 
The physiological botanists of these days find that the problems 
of the former science afford ample scope for their best thought 
and effort ; and, indeed, when we come to consider the youth of 
the study, we cannot wonder that it has not yet developed a 
comparative branch. Not a little has been done towards this 
even already, however, both by observation and experiment 
(see pp. 162-232}. 



I.— THE CELL 

1. — Meaning of the Term "Cell. 
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If we cut across the stem of a herbaceous plant, e.g., the 
encumber, we find that on pressing it gently a quantity of 
fluid — the sap — oozes out. The stem is thus not of the same 
consistence throughout (is not homogeneous), but is composed of 
solid and fluid constituents ; its structure is peculiar. Suppose 
we now cut from the stem in question as thin a slice as possible, 
and hold it up, between two glass plates, to the light, we then 
see, with the naked eye, and still more distinctly with a lens, 
that it consists of a net-like tissue, somewhat resembling thin 
gauze or tulle. 

The appearance of the stem in longitudinal section is similar. 
With a sufficiently powerful lens we can see that each mesh of 
tissue contains a small quantity of turbid fluid. This is what 
is popularly called the sap. 

Q 
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The stem, like every other part of the plant, consists of an 
enormous number of minute vesicles or " cells," ranged side by 
side. Each of these is enclosed on all sides by a delicate mem- 
brane, and is filled with a somewhat t«nacious slimy substance. 
Every tissue of the plant consists of a very lai^ number of 
minute (microscopic) cells. 

The name cell (Latin rella, dim. eelltda, a chamber or cell) waa 
applied because a section of tissue composed of these cells bears some 
resemblance to a honey-comb. 

So much by way of introduction : let us now consider the 
characteristics of the cell in generaL These may be veil 
studied in many plant hairs, which consist of a single tow of 
cells, and are easily prepared for the microscope.' All that is 
needed is to cut the hair from the plant with a pen-knife, put it 
in a drop of water between two glass plates, and it is ready for 
inspection. We shall here examine the delicate hairs which 
cover the surface of the stamens of Tradescautia (TradescatUia 
virginica). In this example the structure of the cells (Fig, 323) 
is easily recognised. Each cell is elliptical in shape (I.), and is 




Cells from tha stamiiul hairs of TradaettyUia tir- 
giniea. — I. FullgT""ii cell ; H, End cells of k vorj 
yuung hair; III. Old cell after beiiiK treated with 
■lc<jhol. u Cell-wall, p Protoplunn, ( CelLup cavilie*. 
h NueteuR, n Nucleus in act of division ; SOO tinwa 
enlarged. 

attached above and below to other single cells. It is surrounded 
by a very delicate colourle.'w membrane, the cell-wall (w), which 
under the microscope (in " optical section ") shows as a double 
line, enclosing a space. The space eiiclo-'^Dd by the cell-wall is fur 
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the most part filled with a somewhat turbid, viscid, semi-fluid 
mass (p), through which are scattered granules of various sizes ; 
this is called the plasma or protoplasm.^ Protoplasm is not a solid 
substance, but a kind of fluid. In the example under considera- 
tion it is readily distinguished by its peculiar streaming move- 
ment, which is well seen under the microscope. Somewhere 
near the cell-wall is found a thickish, spheroidal mass, the 
nvdetts (k). It is soft and plastic, as we shall shortly see. It 
occupies, especially in young cells (II.), a large portion of the 
interior (i). Within it a darker spot— the nucleolus (II., n) 
— is frequently to be distinguished. Besides protoplasm and a 
nucleus, the cell contains a number of spaces of difierent size (s). 
These are termed vacuoles^ and are filled with clear watery fluid. 
They are separated from each other by bands of protoplasm 
(I., II.). The watery fluid contained in the vacuoles may be 
extracted by means of strong alcohol, sulphuric acid, or glycerine. 
Figure III. represents a cell similar to I., which has been steeped 
some seconds in absolute alcohol ; the watery fluid is in great 
part withdrawn, and the protoplasm {p) has in consequence 
contracted, so as to form an irregular, sac-like structure enclosing 
the nucleus (A;), while the cell-wall {w) has become very distinct. 
Protoplasm, cell-contents, and nucleus are the usual contents of 
the cell. Besides these there are often, in certain sorts of cells, 
other solid contents, granules, crystals, &c. These will be 
considered later on. In the meantime let us proceed to a more 
minute examination of the constant cell-contents. 

Our present way of regarding the substance of the vegetable cell was 
established at the end of the first half of this century, chiefly by Huoo 
VON MoHL. H. V. Mohl was bom in 1805 at Stuttgart, and died in 
1872 at Tubingen. Of his numerous writings, those of importance, as 
bearing on the cell, are " Gnindzuge zur Anatomie u. Physiologic der 
vegetabilischen Zelle," 1851 (Principles for the Anatomy and Physi- 
ology of the Vegetable Cell), and " Vennischte Schriften botanischen 
Inhalts," 1845 (Miscellaneous Essays on Botany). 

2.— The Cell-Wall. 

Until recently it was supposed that the cell-wall was to 
be found in connection with all cells. It is, however, now 
known that in some cases the cell-wall is absent. Thus the 

* From the Greek platma, Bomething formed ; protoSt first. Protoplanna = first 
formed matter. 
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lowest of all living organisms, the Amceba, consists simply of a 
mass of protoplasm, which moves freely in water, unenclosed by 
any external membrane. 

We must, nevertheless, regard this body as a cell, seeing it has 
all the essential properties of such. It absorbs water from the 
outside, and by this means forms vacuoles in its interior. It 
commonly possesses a nucleus, and it multiplies by division 
after the manner of other cells. 

Even in higher plants, cells consisting simply of a minute proto- 
plasmic mass, unenclosed by a membrane, are occasionally found in 
very young organs. To distinguish them from those enclosed by a 
wall, they are called naked cells. We thus see that the cell-wall is by 
no means essential to the conception of the cell. The analogy between 
the vegetable cell and a closed cell or chamber is accordingly apt to be 
misleading. 

Where, as is usually the case, the cell is enclosed by a mem- 
brane, the latter always owes its origin to the protoplasm. It is 
developed while the cell is yet in a very early stage of its exis- 
tence, — while, in fact, it is being formed by division of an ante- 
cedent cell. During the first stages of development the cell- wall 
consists of a very delicate transparent membrane, composed of a 
peculiar substance termed cellulose. This membrane is perme- 
able to water and other fluids, though not possessing any definite 
openings by which these can pass through. By this property of 
the cell-wall fluids are enabled to pass from one cell to anoUier, 
although the membrane surrounds each in unbroken continuity 
(comp. p. 245). 

Cellulose (CqHioOs) is an organic substance consisting of carbon, 
hydrogen, and oxygen, and is classed among the group of carbo- 
hydrates. Certain sorts of paper — filter paper, for example — consist 
of almost pure cellulose. 

That a membrane of cellulose is permeable to certain fluids, may be 
demonstrated by the following experiment (Fig. 324) :— Over one end 
of a cylinder (a), about 15 cm. iu length and 2 cm. in diameter, 
^trotch a piece of moistened parchment paper, which is almost pure 
oellidoso. An artificial cell is thus formed, which must be filled up 
to the point c with a saturated solution of sulphate of copper. By 
means of the apparatus shown in Fig. 324, the cylinder is then sus- 
]>ended in a vessel of water (h) in such a way that the level of the 
fluid inside the cylinder shall correspond with the level of the fluid 
on tlie outside at the point r. After a few days, the fluid in Um 
cylinder will be found to have risen to r/, while bi>th it and the water 
contained in the vessel outside will be light blue in colour. While 
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the experiment has been going on, the following changes have taken 
place : — Part of the water from b has passed through the membrane 
/ into a, whereby the level haa risen 
to d. At the same time a suGBcient 
quantity of the blue sulphate of 
copper has passed through / into b, 
sufficient to render the solutions in 
a and 6 of equal strength. There 
has thus been diffusion on the part 
of both fluids. From a to 6 the 
fluid has passed by the process 
known as exosmosis, — from 6 to a 
by that known as endosmosis. £s- 
amination will show that the mem- 
brane / is still without any visible 
opening. Cellulose appears pri- 
marily as a delicate layer of single 

granules, which afterwards coalesce "~-^~ _-_^ "'__-_ 
80 as to form a continuous hut perme- Fia. 324. 

able membrane. 

The cellulose membrane forming the cell-wall is always 
originally thin, elastic, and highly ductile. At a later stage of 
its existence it possesses the property of growth. It then 
increases in volume — in length, breadth, and thickness — and at 
the same time undergoes a series of physical and chemical 
changes. As the cell-wall increases in volume (especially in 
thickness) its shape becomes more definite, and tends to remain 
more constant, while the chemical and physical changes which it 
undergoes later on are calculated to fit it for the performance 
of the special function which it baa to discharge in the organism 
uf which it forma a part. 

The membrane, having attained a sufficient degree of thick- 
ness and closeness of texture, forms the perfect cell-wall. 

(1.) Mode of Growth. — The proceas of growth takes place in 
the cell-wall by the secretion of minute particles (molecules) 
of protoplasm, which separate from the general mass forming 
the cell-contents, and attach themselves to the enveloping mem- 
brane. This constitutes the process of growth by intussuscej^ion. 
If the deposition of new molecules takes place in a horizontal 
direction, the result ia increase of surface ; if the deposition takes 
place in a perpendicular direction, the result is increase of thick- 
ness. This refers to the membrane as a membrane, without 
regard to the shape it may assume in a particular cell. 
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If the cell-wall were absolutely homogeneous, such a deposition 
of new molecules as that above described could hardly take 
place. On the hitherto generally accepted theory of Nageli 
the minute structure of the cell- wall is as follows: — ^The 
ultimate molecules of cellulose are conceived of as small 
spheroidal granules surrounded on all sides by water. The 
molecules lie above and beside one another, so that in any 
small portion of membrane we have solid matter and water 
regularly alternating. If the space between two molecules of 
cellulose is greater in diameter than the molecules themselves, 
it will be possible for a minute particle of new matter, if 
segregated from the general mass, to intercalate itself between 
these two molecules of cellulose. If such molecular intercalation 
is of frequent occun-ence, we have perceptible increase in the 
size of the membrane or growth. It thus follows that the pro- 
cess of growth does not take place by simple accretion, as was 
formerly supposed, but by intercalation of new molecides among 
others already existing, i.e., by intussusception,^ Growth is the 
consequence of this diffusion of ceitain constituents of protoplasm 
throughout the cell-membrane. 

(2.) Thickening, LigniJiccUian, CiUiculariscUian. — ^A cell-wall 
may increase in thickness without undergoing any chemical 
change. The fully developed cell-wall may still consist of 
cellulose. This is what is meant by thickening of the cell-walL 

It may be general or local, ie., while 
some parts increase in thickness others 
do not, or the thickening process may 
stop sooner at oue point than at another. 




In the cells of coUetichyma we find an 

example of such partial thickening. The 

cells of collenchyma are similar to the cells 

Fio. 325. ^^ parenchyma (see below), but have their 

CoUenchyma cleU from ^^^^^^ thickened where they are attached to 

the stem of Richardia other cclls. In Fig. 325 we have a collen- 

africana. — w Unthick- cliy ma cell from the stem of the well-known 

ened oeU-w^ ; v Thick- jjiy ^f the Nile {Ridiardia africana). In 

fr«^?.!f\Si ^«nn fiinL transverse section the cell is seen to be penta- 

tenor of cell, — OUU tiineoi i .. • •. i .^l a\. ^t ii 

enlarged. gonal ; it 18 united with the other ceUs in 

such a manner that every three cell-walls 
meet in one point. At this point we find a thickening similar to 

* (See, however, for an eiwential revival of the older the«iry, ** 8traab«if|^r 
Ueb. d. Bau u. d. Wuvhaihuiu d. Zellimute :'* Jcua lb5:i.— Tr.) 
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these marked i- « in the figure. This is produced by the con- 
currence of the three cells, and runs parallel to the long axis of 
each. The intennediate portions of the cell-wall {w w) are not 
thickened. The characteristic appearance of the collenchyma cell ia 
due to the^B irregularities in the thicknesH of its wall. 

The proceas of thickening is usually accompanied by physical 
and chemical changes in the cell-wall which cause it to assume 
new properties. In some cases it acquires a high degree of 
elasticity, and in othei-s it loses its permeability, &c. The two 
most important modes of thickening, accompanied by chemical 
change, are lignilicatioD and cuticularisation. 

LiffniJictUwn of the cell-wall takes place as follows: — The 
cell-wall, increasing in thickness by intussusception, becomes 
differentiated into two, afterwards into 
three layers. First the place of the 
primary membrane (p. 245) is taken 
by the so-called middle law^la (I, Fig. 
326), from which is by-and-by differ- 
entiated a second layer (5) on the 
inner surface. Both of these are 1 
chemically different from the primary 
cell-wall. By-and-by there develops 
between the middle lamella and the 
inner layer a third layer (w), which 10. 2 . 

•1 ..I ..1 .. 1 ,1 Luniified celle from the 

usually surpasses the other two both epiowp («« p. 71) ot ad un- 
in thickness and in strength of texture. "P* "»inut {Jngiaat ngia) ; 

™, ., . , , • . - 1 , 600 UlnBB enUrged. i Interior 

The third layer consists of woody sub- o( oeli. i Middle Umell*. v The 
stance or lianin, which resembles ^^^^ Wb^ i»"»«"ting of woody 

,, , . .. - i_ -J ■■ , Bubstanee, . Inner Uyer, ( PiU 

cellulose, but is by no means identical 

with it. These three laminte are easily recognised in many 
cells (comp. 328, p. 252, and Fig. 329, p. 253). The third or 
middle layer usually appears to be made up of a large number 
of concentric laminie. By ligniiication the cell becomes much 
harder, and more capable of resisting external influences, at the 
expense, however, of a great deal of its original elasticity. The 
protoplasm cannot penetrate the thickened parts of the lignified 
cell-wall, which nevertheless are freely pei-meable by water. 

The lamination of the middle layer is due to the unequal dis- 
tribution of the water it contains. A lighter layer alternates regularly 
with a darker one. The lighter layers are more watery than the other, 




248 THE CELL-WALL. 

that is, their molecules are separated from each other by laigcr aqueous 
envelopes. The darker layers again are less watery, i.e., they have the 
molecules, of which they are composed, arranged more closely together, 
so that there is not so much room for water in the interstices. 

The process of c^Uicularisation of the cell-wall is similar to 
that of lignification. In this case, likewise, the thickening cell- 
wall is subjected to peculiar changes, being converted into cork 
or suberin. It is thus rendered highly elastic, impermeable to 
water and air, and occurring, as it does, on or close under the 
surface of vegetable organs, serves as a protective layer against 
injurious external influences, such as damp and cold. Later 
we shall examine more thoroughly the two most important forms 
of cuticularised cell layers. 

(3.) Deposition of Mineral ConstUv^ents in the Cell-WaU. — 
Occasionally certain mineral matters are found deposited in the 
cell-wall, changing its appearance more or less. These deposi- 
tions consist either of calcium carbonate or of silex, the latter 
being frequently found in large quantities. In many cell-walls 
the silex is disposed so as to form a regular network, which 
renders the surface rough to the touch. The silex may also be 
deposited in the form of crystals. 

This is the case with grasses having sharp-edged leaves, for ex- 
ample. In these prominent crystals of silica are found in the cells 
of the epidermis. The epidermic cells of the horsetails {Equiset{ice(e) 
are also highly impregnated with siliceous matter. As the silex 
resists the action both of acid and of heat, the siliceous skeleton of a 
leaf may easily be obtained by treating specimens (leaves of grasses, 
horsetails, &c.), with sulphuric acid, and subjecting to strong heat on 
a plate of platinum, or simply by boiling them in strong nitric acid. 
By this means every particle of organic substance will be destroyed, 
and a complete skeleton of the tissue will remain, formed entirely of 
silex. Diatoms are similarly prepared. 

Besides these comparatively rare mineral substances, which 
may be directly observed under the microscope, thei^e are in 
every cell-membrane small particles of various minerals of such 
minuteness as to baffle the most powerful lenses. As, however, 
they are not liable to be afl'ected by heat, they may be got at by 
burning the cell-walls. After leaves have been subjected to this 
process, the mineral constituents will be found in the shape of a 
fine white jM^wder, the so-called " ash " of the leaf. When we 
consider the inrmitcsinml quantity of ash obtained by burning 
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a piece of the best Swedish filtering paper (which consists 
entirely of cellulose), we get an idea of the smallness of the 
per-centage of mineral matter to be met with in vegetable 
tissues. 



3. — Forms of Cells. 
A. Shape as determined by Surface Growth. 

The shape of the cell is determined by the form assumed by 
the enclosing membrane, — that is, the change of shape which 
the cell undergoes in the course of its existence is determined 
by the manner in which the membrane is forced to grow, 
especially increasing either in length or breadth. 

The form of cells is always at first tolerably regular, spheroidal, 
cubical, &c., that is to say, the cell is developed pretty equally 
in all three directions. Later on, however, it in most cases 
becomes polygonal, as the result of the mutual pressure exerted 
by the cells in a given tissue during the process of growth. As 
this pressure is not usually exerted equally in all directions, the 
shape of the cells is rendered irregular. Cells are most com- 
monly spheroidal, elliptical, or cylindrical, or they may assume 
the form of four, five, six, or many sided prisms, cones, tetra- 
hedrons, and various parallelepipeds, or again they may be disk- 
shaped, star-shaped, or multipolar. 

Microscopic sections, as a rule, only show us one aspect of a cell. 
In order, therefore, to become acquainted with the shape of a cell as a 
whole, it is necessary to examine it, not only in transverse, but also in 
radial and tangential section. Spheroidal, elliptical, and cylindrical 
cells all show in transverae section a circular form, and it is not until 
we have examined each in longitudinal section also that we become 
acquainted with its true shape. 

From what has been already said, it is evident that the shape 
of each individual cell will depend entirely on the nature of its 
environment during the process of growth. On the whole, the 
shape of the cells forming a particular tissue is of subordinate 
importance. A much more important feature, and one, too, 
which, as we shall pi-esently see, is of no little consequence from 
a functional point of view, is the division of cells into paren- 
chyma and prosenchyma. By parenchyma cells are meant all 
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cells which are pretty equally developed in all three directions. 
Their walla are for the most part, but uot always, verj- thin (see 
farther under Parenchyma, p. 277), 

By prosenchyvut cells are meant such as are specially deve- 
loped in a longitudinal direction, while comparatively unde- 
veloped as regards breadth and thickness. Such cells are usually 
very slender, and pointed at the ends, so as to look somewhat 
spindle-shaped. Their walls are frequently, but not always, 
lirm in consistence. Frosenchyma cells are never found in 
the younger and more delicate parts of a plant, which are com- 
posed entirely of parenchyma cells. Only as the organ grows 
older is prosenchyma developed from parenchyma, by processes 
yet to be described. 

Besides the cell forms already mentioned, which, on the whole, 
are simple, there occur in the lowest plants (in the Algte, for 
example) cells of very peculiar shape. Many of tiiese plants 
consist of a single cell. This, however, is frequently branched 
after the manner of higher plants, with root, stem, and leaves. 

Fig. 327 represente a unicellular a]g« 
(liotrydium ijranul'itum), occasionally 
found on the clayey soil of dried-up 
swamps and pools. It consists of a 
a thick ballooD-tike head (a), which 
is supported on a slender stem, and is 
of a beautiful green colour. Below, 
Ibe stem branches so as to form a 
kind of root (ir), by which the plant is 
tirmly fixed in the ground. Here, then, 
is one cell imitating, so to speak, th« 
structure of a higher multicellular planL 
This niaemblonce is still mure striking 
in Catderpa and Bryojmif, two genera 
of AlgiB largely rejiniaoiiled in European 
seas. Like Butrydium, these are uni- 
cellular ; the filamentous part of the 
cell forms a horizontal stem, which, at 
intervals, suuiIr out tufts of root-like 
processes in a downward direction, and 
so-called " fronds " in an upward direc- 
tion. 'I'he " fronds " are lobod or pin- 
nnt«, and consist of prolongations of the 
cell-wall and contents flattoned out at 
their upper estremitioB, so as to tv 
urdimiry leaf. 




Fio. 327. 

A nnicellalu- A\^{.BUrsdi 

grtt*Hlatiim\. fifteen Cinua 

lu^. a Fart above the > 

(heul) : « Part under the i 

semble the blade of a 
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B. Shape as determined by inm^ease in Thickness. 

(1.) Pits. — Increase in the thicknesis of the cell-membrane 
never takes place uniformly at all parts. In many cases the 
process of thickening is arrested at an early stage of growth, the 
points at wliich this has occurred being marked throughout the 
after existence of the cell by small circular spots. These, as the 
neighbouring parts of the membrane go on increasing in thick- 
ness, are transformed into small tubular canals, which radiate 
throughout the cell-wall {t, Fig. 326). The small, round, mem- 
branous spot is termed a pit ; or if the surrounding parts are 
much thickened, so as to render it tube-like, a canal. These 
canals form a means of communication between the interior of 
the cell and the periphery. The pits in neighbouring cell-walls 
always correspond, as do likewise the canals : so that between 
every two cells we have one or more of these corresponding 
depressions. Each pair of these is at first separated by a delicate 
membrane (the middle lamella) stretched transversely between 
them ; but, later on, this membrane disappears, and free com- 
munication between adjoining cells is thus established. 

It sometimes happens that in much thickened or lignified 
walls two canals unite, and so have a common opening into the 
lumen of the cell. We thus have what is termed a branched 
canal. 

Branched canals may be well seen in the thickened parenchyma 
ceUs of the walnut (Fig. 326). Still better examples occur in the cells 
of the woody inner pericarp of the same fruit when nearly ripe, in the 
bast-cells of the dahlia tuber, &c. 

The number of pits in a cell is very variable. In some cases 
they are few in number ; in others they are so numerous that 
the cell when viewed from above seems to be entirely dotted 
over with them, while the thickened parts form a delicate lattice 
work between. In cross section the pits are usually round, 
elliptical, or polygonal (four to eight sided) ; in rare cases they 
are long, narrow, and elongated at both ends, so as nearly to 
resemble slits. 

A very peculiar fonn is seen in the wood-cells of the Coniferae, 
where we have what are termed bordered pits. If a longitudinal 
section is made through the young shoot of a conifer, like the 
common yew {Toxics haccata, Fig. 328), the following peculiar 
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structure will be observed. Each indnidual cell (I., Fig. 328) 
forms a long cylindrical tube, the wall of which is pretty strong, 
besides being thickened internally (s), after a. fashion to be 
described later on. The surface of the cell is studded with a 
number of lenticular protuberances (a, a'), the centre of which is 
marked by a round or slit-like depression — the piL In traus- 




Flc. 328. 
Pitted c«lli of a one-year-old Btem of the ysw {Taxut baecata), — I. Thiec wuod 
celk in lon^tudinal lectino ; 1000 times enlarged, a Bordered pita with circokr 
iipenin);; a' Do. with slit-like opening. A DiBgnmmjitic representation of pit B 
in longitudinal Kctiiin. IL Place nl the lame Blem in transTerte •ection ; 1000 
time* enUrged. h A Wuod cell*, m Pith, I Middle lamella, « Middle Umina, • 
Inner lamina, a « Bordered pita cut acTYtBs their longeat diameter, h Dol ahowing 
underlying Rpace. c D<>., tranavene feotion below the middle. III. Diagrammatic 
reprewntation of a young pit. IV, Do. iif an older pit ; letters uune a* in 11. 

verse section, cutting across a pit at the point C, we see that the 
pit is situated between two adjacent cells {a, IT.). It forms a 
narrow elliptical spucc, thti walls of which are pierced ou either 
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side by a small opening. — (See diagrammatic representation, A, 
B, Fig. 328, I..). The interior corresponds to the larger circle 
of the pit in I., while the openings are represented by the 
smaller circle (e). At the point h (II.) we have a pit from a part 
of the section where it is so thick as to show that half of the 
space which lies below the point of section. The pit c, again, 
has been cut across below the centre, so that the openings into 
the interior are not seen. 

All the pits shown in II. are open, — that is, the middle 
lamella or membrane, stretching across the lumen of the tube, 
has disappeared, so that free communication is established 
between the cells. In the young cells of conifers the middle 
lamella (p. 247) is always found, and only disappears with age. 
In Fig. 328, III., we have a diagrammatic representation of 
a young pitted cell, / being the middle lamella; IV. shows 
the same cell at a later stage, the middle lamella having now 
disappeared. 

(2.) Partial thickening of the Cell- Wall. — Although the walls 
of many cells uniformly increase in thickness, except at such 
small spots as are afterwards to develop into pits, there are 
others in which this does not take place, the thickening process 
being localised in certain larger or smaller areas. As the result 
of this the full-grown cell frequently assumes a very peculiar 
appearance. 

It sometimes happens, for example, that cells are lignified 
only on one side, the other remaining unthickened. Of this 
there are numerous ex- 
amples in certain cells 
ofthe rhizome of many 
monocotyledons, e.g., 
those of the lily of the 
valley (Convallaria ma- 
ya/ts),shown in Fig. 32 9. 
The cell layers denoted 
by c and d are com- 
posed of slightly 

thickened parenchyma Cells (a, b) from the rhizome of the lily of the 
,, T> . xv _ valley IConvattaria m€ualis), in transverse section, 

cells. Between them ^^ ^\ Parenchyma ceUs ; 900 times enlarged. 

are two layers con- 
sisting of cells (a, 6), the walls of which are conspicuously 
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ligniiied on the side next the centre of the rhizome. The sides 
of the cells in the layer b are traversed by large wide pits. 

Another example of partial thickening is seen in the case of 
coUenchyma cells, already mentioned (p. 246). 

The most varied forms of partial tliiekening occur, however, 
in those cells which are united to form vascular tissue. Veasela 
nre long and cylindrical iu shape, and their walls are not them- 
.velves much altered in texture, hut are thickened by means of 
spiral, annular, or reticulated deposits laid down on their inner 




Fio. 330. 



Fio. 331. 



Fig. a30.- 



'DiagnmiDi 
1. f Youn 



f k ipinJ ve««L Fig. 
>tem of > wwdliBg pUnt 
' veMel from the wuod of Morut lUta ; IIL 
Scabuiforrn veueli from the trunk nf NrpiroUpii aallata {bnt) : 
IV. Young reticulated ve«»lB from ona of the oldar roota of a teed- 
ling of ViVi'a Faba ; about 600 timi* enlu^ed. (I., III., IV. Gwiend 
uppesruice 1 II. Longitudin&l Bactiou. ) 

surface. In Fig. 330 we have a diagrammatic representation of 
this mode of tliickening. The perpendicular cylinder, here per^ 
fectly transparent, re]>resent.'< part of a long tubular vessel, the 
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walls of which are composed of the middle lamella very sb'ghtly 
thickened throughout. The partial thickening, effected by 
means of a spiral deposit on the inner surface of this membrane, 
is represented by the spiral band, shaded dark, which in the 
figure is shown in transverse section at two points, and is seen 
to be quadrangular. It projects from the general surface a little 
way into the lumen of the tube. 

According to the form assumed by these deposits, vessels are 
distinguished as follows : — 

(a.) Spiral Vessels (Fig. 331, 1.). — In these the deposit forms 
a continuous spiral. The spiral eitlier runs throughout in one 
direction, e,g,, from right to left, or it suddenly bends back and 
forms an angle whereby the coils are reversed, and runs from 
left to right. The turns of the spiral may either be quite close, 
or more or less distant. 

(6.) Anntdar 'Vessels, — In these the deposits are not con- 
tinuous, but are in separate rings on the interior of the cells, 
and sometimes incline towards the axis of the vessel (Fig. 331, 
II.). Annular and spiral vessels are frequently so far com- 
mingled that each of the rings just described is connected with 
the one following it by a short spiral. 

(c.) Scalariform Vessels, — Here the secondary deposits take 
the form of short bands arranged perpendicularly to the axis of 
the vessel, occupying only a portion of its inner surface (Fig. 
331, III.). These bands are placed so close together, that when 
viewed in conjunction with the unthickened parts, the latter 
look like so many horizontal slits in the wall of the vessel 

(rf.) JReticulated Vessels, — In these vessels scalariform ridges 
are connected by means of short, vertical bars, so as to give 
the cell- wall the appearance of being covered by an irregular 
network (Fig. 331, IV.). 

(«.) Pitted Vessels, — These have their walls pretty regularly 
thickened up to the points at which the pits (simple or bordered) 
occur. Their structure has already been considered (Fig. 328). 

4. — Cell-Contents, Cell-Sap, Protoplasm, and 

Nucleus. 

Generally speaking, the cell may be said to hsYeJluid contents, 
although strictly the term fluid cannot be applied to aU. We 
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have already seen (p. 243) that the cell-contents are not homo- 
geneous, but, under normal conditions, are made up of three 
different substances, the characteristic properties and relations of 
which must now be considered. 



A. Cell-Sap. 

Irregularly distributed through the contents of each cell are 
a number of transparent spaces (see Fig. 323, p. 242), the cell-sap 
cavities or vacuoles. These are filled with a clear, transparent 
fluid, the ceU'Sap. Cell-sap consists mainly of water, which con- 
tains, first, mineral matters in solution absorbed by the plant 
from the soil by means of its roots; and, secondly, various 
organic combinations formed within the oi^nism as the result 
of its life. 

A certain quantity of cell-sap is of course taken up by the 
protoplasm, the nucleus, the cell-wall (comp. p. 244), and certain 
granular portions of the cell-contents which have yet to be 
described. In combination with these the cell-sap undergoes 
further changes. 

The vacuoles may therefore be regarded as reservoirs, from 

which fluid matter may be obtained by 
other parts of the cell as necessity 
requires. That such is really the case is 
evident from the fact that the vacuoles 
in a cell vary much in size and number, 
gradually shrinking or suddenly dis- 
appearing according as their contents 
are slowly or rapidly absorbed by the 
protoplasm. On the other hand, again, 
surplus fluid matter drains off from the 
protoplasm and elsewhere, and increases 
the size and number of vacuoles. 




a 
h 
g 

II 

Fio. 832. 

Inoonstant tacuoIm in 
macrozod«pores of Algse (L 
Ulothrix zonata ; IL Dra- 
parnaldia ptumota). c Cilia 

(8eebelow),v Vacuoles, a Red The increase and diminution in the sixe 
spot, ^ Green plasma, & Mem- and number of vacuoles may readily be 

Sr"".n2:¥^.l^TF^m'"2 'i^'^'f'"' ^^« Am«ba (see p. 244). Am 
drawing by Professor Dodel- *"® naked mass of protoplasm moves about 
Port) in the water, pushing out its tiny pseudo- 

podia in all directions, vacuoles may often 
lie seen to appear suddenly in the neighbourhood of the nucleus. 
These rapidly increase in size, but suddenly disappear as their fluid 
contents are absorbed by the granular protoplasm, or partly expelled. 
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After a time a vacuole again appears at some other part of the 
organism, only to have its contents ahsorbed as before, this process 
being continually repeated as long as the Amoeba continues to live. 
The vacuoles of many Algae (see below) are also inconstant. Two such 
may be seen in Fig. 332. The vacuoles (v) are shown at the pointed 
end of each cell, I. containing one vacuole, II. two. In the latter (a 
spore of Drapamaldia plumosa) each vacuole takes some twenty-eight 
or thirty seconds to reach its full size, and one or other of them dis- 
appears eveiy fourteen seconds. 



B. Protoplasm. 

Protoplasm is found in every vegetable cell, and is indispen- 
sable to its life. All cells which do not contain protoplasm are 
dead. 

Protoplasm consists of various kinds of organic matter and 
vxUer. These form a clear, colourless, transparent substance, 
composed mainly of albuminous matters. Throughout this sub- 
stance (protoplasm proper) are scattered numerous grarvulea of 
various sizes, which give to protoplasm its familiar granular, 
and somewhat turbid appearance (Fig. 323). Most probably 
these granules for the most part consist oifaity matter. 

Besides these, protoplasm frequently contains other substances, 6.^., 
soluble carbohydrates (comp. p. 244), such as sugar, gum, and the 
so-called plastic materialSy which later on separate from the protoplasm, 
penetrate the cell-wall, and cause its growth by intussusception. 

The most important constituent of protoplasm is albumen. The 
albuminoid or proteids are organic combinations, built up, so far as is 
known, only by plants. They always consist of carbon, hydrogen, 
oxygen, nitrogen, and sulphur, the presence of the last two elements 
essentially distinguishing them from the carbo-hydrates already men- 
tioned (comp. p. 244). The albuminoids contain about 54 per cent, 
carbon, 7 per cent, hydrogen, 16 per cent, nitrogen, 22 per cent, 
oxygen, and 1 per cent, sulphur. These figures, however, are only 
approximate, pure vegetable albumen not having as yet been obtained. 
The constant occurrence of a small quantity of sulphur (from *8 to 2 
per cent.) in albumen is worthy of note. All albuminoids are soluble 
in water under ordinary circumstances, but under certain conditions 
(e.g.f in combination with alcohol) they coagulate and form thick 
white masses not soluble in water. 

As regards its physical properties, especially when viewed as 
a whole, protoplasm is exceedingly difficult to define, being 
neither a fluid nor a solid. If highly saturated with water, it is 
almost of fluid consistency, while in other circumstances it may 
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be slimy, mucilaginous, or even homy. It may perhaps be 
most fitly compared to soft wax. Like this under the influence 
of different degrees of heat, protoplasm, under suitable con- 
ditions, may assume all states 
between the perfectly solid 
and the perfectly fluid : it is a 
highly plastic substance (comp. 
p. 243). 

Living protoplasm is con- 
stantly in motion, even that 
which under the microscope 
seems to us to be at rest in the 
cell. The constant absorption 
of fluid matter from the vacuoles, 
and its separation again from 
the general mass of the pro- 
toplasm for the formation of 
the cell-wall and other solid 
tissues, are in themselves sufii- 
cient to exclude the possibility 
I. Celk with rotating protoplasm from ^f permanent rest. Besides 

a leaf of Vailt^nena apiralit, w Cell ^ , 

membrane, p Protoplasm, e Chlorophyll the motion thus Originated, 

granules i: Nudeujs n Nucleolus. (TJe however, the protoplasm iu a 
arrows show the direction m which the * r r 

protoplasm moves in each oea) II. cell IS frequently Seen to be 
Nucleus from the upper cell to the right moving in a certain definite 

A G Different forms assumed by the P 

nucleus during twenty-six seconds. I. direction, as may easily be 

enUrg*^."" ^''^*'^ ' "' ^^^^ *^** made out under the microscope. 

The protrusion of pseudopodia 
by the Amoeba (p. 244), and the so-called rotation and circulation 
of protoplasm, are to be classed under this head. 

The rotation of protoplasm may be well seen in the cylindrical 
cells of the leaf of Vallisneria spiralis (Fig. 333). In longi- 
tudinal section, the cells are seen to be rectangular. They are 
surrounded by a delicate membrane (w), and are completely 
filled with transparent protoplasm. Each contains a lai^ 
nucleus (A:, comp. p. 243) found adherent to some part of the 
cell-wall, and numerous small green granules, to which the 
beautiful green colour of the leaf is due (c, clilorophyll granules, 
see below) ; these, too, are all found in connection with the cell- 
wall. The protoplasm (p) moves round the cell in the direction 
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indicated by the arrows. In each cell there is an independent 
stream, which always moves in the same given direction, bearing 
with it the nucleus and chlorophyll granules. These are thus 
carried round and round the inner surface of the cell- wall, 
pushed over and under each other, and brought into new posi- 
tions.. Each circuit takes about thirty seconds. 

Circulation of protoplasm may be studied in the hair-cells of 
Tradescantia (Fig. 323, a, p). In these the layer of protoplasm 
immediately under the cell-wall gives off numerous thread-like 
processes, which pass inwards, and divide the cavity of the cell 
into a number of spaces, each of wliich is filled with sap {s s). 
The threads contain many small colourless granules, which pass 
down one side of a thread (say the right) and up the other (the 
left). Owing to variations in the rate of flow of the current, a 
thread may be increased or diminished in thickness, split into 
several branches, or amalgamated with another. Sometimes the 
granules are deposited on the interior of the cell-wall, some- 
times they are all, or nearly all, swept away from it ; so that it, 
too, is subject to temporary variations in thickness. The aspect 
of cells which contain protoplasm in circulation is thus con- 
stantly changing. 

The distriinUion of protoplasm in the cell depends on the age 
of the cell, its position in the plant, its functional use, and other 
often very variable conditions. In the earliest stages of growth 
the cell is completely and compactly filled with protoplasm. 
Later on, however, as it increases in size, vacuoles or sap-cavities 
are formed, until at length the cell becomes one large sap-cavity, 
as it were, surrounded by a thin layer of protoplasm. On the 
surface of the protoplasm, where it lies in contact with the inner 
surface of the cell-wall, a thicker and firmer layer is usually 
developed, which becomes visible as a delicate, colourless line, 
free of granules, when the protoplasm is so treated as to cause 
its separation from the cell-wall (Fig. 323, III.). If, hoVever, 
the cell is full-grown, and no longer capable of division (see 
below), the protoplasm often shrinks to such a degree as to form 
an excessively thin, or even invisible, layer lining the cell- wall. 
When the cell is treated with a water-absorbing solution this 
may be again distinguished, as showing a fine double line. 
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C. The Nucleus. 



One of the normal cell- contents is the nucleus, which lies 
imbedded in the protoplasm, usually close to the cell-walL Its 
presence, like that of protoplasm, is an indication that the cell 
was a living one. In chemical composition it resembles proto- 
plasm, from which indeed it is mainly distinguished by certain 
physical peculiarities. It is spherical or elliptical in shape, and 
consists of a much thickened mass of protoplasm. 

Even in the earliest stages of growth the nucleus is present 
in the celL In young cells, indeed, it is very conspicuous, its 
size being almost equal to that which it attains when full-grown 
(Fig. 323, II.). Growth takes place much more rapidly and to a 
much greater extent in the cell than in the nucleus, so that the 
larger the former grows, the smaller does the latter become in 
proportion. The nucleus has the power of moving from one part 
of the cell to another, as is evident from the fact that, while com- 
monly found close to the cell- wall (i,e,, at the side, see Fig. 323, 
II., k, below ; Fig. 333, k), immediately before division it is found 
in the centre of the cell, where it remains supported by numerous 
bands of protoplasm (Fig. 323, II., n). 

The nucleus is surrounded by a delicate outer layer, which ia 
reabsorbed at the time of division (see below). Within this is a 
homogeneous protoplasmic substance or sap in which are sus- 
pended numerous granules of considerable size. These granules 
are usually arranged for the most part round the circumference 
of the nucleus. On the surface or within the nucleus is the 
nucleolus, which is a granule distinguished from the others by 
its superior size (see n, Fig. 323, 333). Occasionally several or 
many nucleoli are to be found. 

It can readily be made out from a study of those cells in which 
we find rotation of the protoplasm taking place, that the nucleus 
is not a solid but a plastic body. In these it can be seen to 
change its shape as it is carried round by the current, so as to 
suit itself to the variations of pressure to which it is subjected in 
coming into contact with other granules. Fig. 333, A tx^O, shows 
the various shapes assumed by the nucleus of a cell of the leaf of 
Vallisneria spiralis, during a single revolution of the protoplasm 
(time twenty-six seconds). 
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5. — Other Cell-Contents. 

While cell-sap, protoplasm, and the nucleus regularly form a 
part of the contents of all living cells, there are other granular 
or partly solid matters which are restricted to certain special sets 
of cells, and are necessary only for the performance of special 
vital functions, or are the result of a special kind of vital 
activity. Of these we must notice, first, chlorophyll corpuscles 
and starch granules; secondly, protein granules, inviin, and 
crystals, 

A. Chiorophyll Corpusdes. 

The green colour peculiar to certain parts of plants, and not 
found in animals, is due to the presence of chlorophyll cor- 
puscles in all or certain of the cells of which such parts are 
composed. Cells containing chlorophyll are found in all plants 
with the exception of the fungi, none of which have as yet been 
found to contain any true green colouring matter. 

Chlorophyll assumes the form either of rounded granules, 
bands, or irregular masses. The latter forms are specially well 
seen in many filiform Algae, particularly in the genus Spirogyra 
(Fig. 334). In these the chlorophyll 
masses pass along the cylindrical cells 
as two intertwining spiral bands. The 
spirals of chlorophyll in Spirogyra are 
shown in Fig. 334, the rest of the cell- ^^^ chlo!i>phyil bands in 

contents being omitted. the oeU of Spirogyra, 800 times 

In most plants the chlorophyll cor- •'^"««*- 
puscles are rounded, elliptical, or oval in shape (Fig. 335). 
when they can easily be distinguished, unless too closely packed 
together. The cells of some plants contain only a few or even a 
single chlorophyll corpuscle. In the latter case the corpuscle is, 
of course, very large. Usually, however, the cell contains a large 
number of corpuscles, which either occupy the entire cell or lie 
close together round the inner surface of its wall They are 
always imbedded in the protoplasm, and are never found in the 
vacuoles. 

The substance of which the chlorophyll corpuscle consists is 
similar to, if not indeed identical with, protoplasm. It differs, 
however, from ordinary protoplasm in having no granules 
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scattered through it. The corpuscle is not bard and brittle, bat 
soft and plastic, and is throughout of a beautifiil green colour, 
due to the presence of chlorophyll in its substance. The 
chlorophyll may be eittracted by means of beiizoline, ether, or 
absolute alcohol, and the protoplasmic matrix in which it was 
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held suspended left colourless. If green parts of the plant are 
steeped in alcohol, they lose their colour in a few days, while 
the alcohol (at least in the dark) assumes a beautiful green tint. 

According to recent investigatioDs the following is the atracton 
of the chlorophyll grain : — The protoplasmic matrix is of spongr 
lexture, and foncs a toughiali framework, honey-combed by innumer- 
able minute cavities. The interstices of thia framework ore everywhere 
permeated by an oily fluid called hypochliirin, which may be extracted 
by proper treatment, and is found to be of a somewhat crystolliiie 
nature. The green colouring matter is held in solution in thia oil. 

The chlorophyll corpuscles are at first extremely small, but 
increase in size as they grow older. Finally they divide, two 
corpuscles thus appearing in place of one. 

In most plants starch granules are formed within the chloro- 
phyll corpuscles {Fig. 335, II., IV. a). These appear at first as 
minute points, which gradually increase in size as the corpuscle 
grows older. Usually there are severiil starch granules contained 
in one chlorophyll corpuscle, and these as they grow appropriate 
almost all its contained space, its green protoplasmic contents 
being reduced to a thin, lihuy envelope. 
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It would seem that the starch granules are formed from the hypo- 
chlorin of the chlorophyll corpuscles. To this statement the bananas 
form an exception, the oil contained in their chlorophyll corpuscles 
never being elaborated into starch (Fig. 335, V.). 

In certain stages of the plant's life the chlorophyll grains 
decay and disappear. In most trees, &c. this happens in autumn, 
and shows itself in the change of colour of the leaves previous 
to their falling off. The starch granules are then converted into 
a saccharine fluid, in which form they are conveyed to the trunk, 
where they are again transformed into starch, and stored up in 
the permanent tissues of the plant. Meanwhile the green 
colouring matter decomposes, its place being taken by yellow 
or orange coloured granules, or a reddish fluid. To these changes 
are due the brilliant tints assumed by fading leaves. 

B. Starch Oranules, 

The cell-contents hitherto considered have been of a more or 
less fluid nature. In the starch granules we now for the first 
time meet with the truly solid contents of the cell. 

Starch granules are usually formed in full-grown cells ; they 
represent the surplus of the nutritive material elaborated by the 
plant, which is stored up for the formation of new tissue later on. 
Every cell containing starch granules forms, therefore, a store of 
food upon which the plant may draw whenever necessity requires. 

Starch granules (Fig. 336) are elaborated from protoplasm, in 
which starch-forming materials are held in solution. The granule 
orginates as an extremely small, rounded body, and increases in 
size by intussusception.^ When fully grown it is marked by 
concentric strisB, indicating the laminae of which it is composed. 
These laminae are alternately of more or less fluid consistence, 
and are arranged around the centre of growth, which is usually 
a somewhat eccentric point, as growth does not take place 
equally in all directions. Hence, too, starch granules are usually 
oval in shape (Fig. 336, II.). Bounded and lenticular granules 
are, however, also met with (Fig. 336, III.), as are also granules 
of irregular shape (e.^., in the milky juice of Euphorbias). When 
the starch granules are much crowded together in a cell, they 
press on one another in developing, and consequently assume a 
polyhedral form. 

^ See p. 216, note. 



Under the microscope the starch granule presents an entirely 
colourless appearance ; it consists of a loose framework of & 
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cellulose-like substance called siarch-cdltUose, and ot a second 
substance called granutou, wliich is deposited on or about thia 
framework. Granulosa constitutes the starch proper. 

Starch or amylum (CsII,oO,) is a uarbohyijrate (comp. p. 244) of 
the same chemical composition ns cellulose, a substance into which 
it appears capable of being readily transformed. Starch is a white 
powder (potato starch) which, when properly treated (e.g., with 
diluted sulphuric acid), first becomes soluble, and finally is trans- 
formed into sugar (grape^ugar). The conversion of starch into grnpe- 
Bugar takes place within the chlorophyll corpuscles (p. 262) in the 
dark. On the addition of wat«r, the envelopes of the starch granules 
burst when the temperature ia raised to 50° or 60' C. The granules 
are then enabled to absorb a large quantity of water, and swell up 
into a structureless jelly-like mass. Starch granules may be rendered 
readily distinguishable under the microscope by tbe addition of a 
drop of solution of iodine in iodide of potassium. The starch granules 
then become dark blue, or almost black in colour, unlike any other 
constituent of vegetable tissue. This solution is thus a characteristic 
re^nt for starch. 
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The starch-cellulose and granulose of starch are capahle of separa- 
tion hy soaking in saliva kept at a temperature of 50** or 60° C. In 
some cases a few hours will suffice to effect the separation, in others 
the process takes several days. The saliva dissolves out the granulose, 
and the starch-cellulose framework is left behind. The latter will not 
form a jelly, and is rendered yellow, not blue, by the action of iodine. 

In course of time starch granules are disintegrated, or con- 
verted into soluble starch (dextrin). In many cases this takes 
place by the reabsorption of the laminae from the surface in- 
wards. In others the disintegration goes on irregularly, and the 
grain assumes a worm-eaten appearance. Occasionally, too, 
disintegration proceeds from the ceptre to the surface instead 
of from the surface to the centre, as commonly happens. 

Starch is a substance universally diffused in the various organs 
of the plant ; it will come up again for consideration later. 

C. Protein GrantUes, IntUin, and Crystals. 

(1.) Protein or Aleurone Granules are chiefly found in the 
cotyledons of mature seeds, and, like starch, form a reserve store 
of nutritive material. They consist of small grains of albu- 
minous substance, and are therefore in chemical composition 
closely allied to protoplasm. The protein granules often contain 
crystals of calcium oxalate (see below), and always a certain 
number of globose masses of magnesium phosphate. Protein 
granules are utilised by the plant in much the same way as 
starch granules. As the seed develops they dissolve, and 
are carried in solution to those paits where growth is taking 
place most actively, where they are built up into the tissues of 
the plant. They frequently enter into combination with starch 
granules in the same cell {e,g., in the cotyledon of the pea). 

(2.) Invlin is a starch-like substance abundant in the root-cells 
of many plants, particularly in those of Compositae. It is chiefly 
interesting from the fact that, unlike the cell-contents we have 
hitherto considered, it forms part, not of the protoplasm, but of 
the cell-sap. It exists in solution in cell-sap, from which, 
however, it may be precipitated in the form of rounded crystals 
(see Fig. 337). 

Inulin is obtained from the tissues containing it (6.(7., the tubers of 
the simflower, dandelion, dahlia, &c.) by steeping these in alcohol. 
The inulin is then precipitated in the form of minute crystals, which 
are rendered more distinct by the addition of water (Fig. 337). 
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(3.) Crystals. — Crystals form a very comtDon constitnent in 
the contents of the vegetable cell. They consist for the most 
part of o^ialate, or of carbonate of calcium, and assume the most 
diverse' shapes. They appear either singly (Fig. 338, L, 11.1 or 
in aggregate masses (III.)- Frequently they are needle-shaped. 
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and arranged in dense bundles parallel to the long axis of the 
cell. Such crystals used to be termed raphides ; they occur 
in the leaves of the fuchsia, in most species of cactus, &c. 
Occasionally lai^e crystals are found occupying the centre of 
the cell, where they are supported by processes from the cell- 
wall (V.). Finally, crystals are sometimes found in the cell-wall 
itself, e.g., the silica crystals already referred to (p. 248), and 
the calcareous crystals of the Conifeni.'. The incorporation of 
calcareous crj'stuls in the cell-walls of other monocotyledons 
and dicotyledons is not very common. 



C. — Origin of Cells. 

The growth of the plant is effected not only by the individual 
enlargement of the cells of which all its tissues are composed, 
but by t^eir increase in number. 
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The cell is at first extremely minute, and ahowa little or no 
differenti&tion of parte. The tbin outer membrane encloses a 
nucleated mass of protoplasm iii constant movement. Later on, 
the protoplasm shrinks, and becomes small in mass compared 
with the cell-sap. As this takes place, the cells become 
specialised for the performance of their allotted physiological 
function, those especially rich in chlorophyll acting for the 
elaboration of new nutritive material, those especially rich in 
starch for the storing up of the surplus supply. 

Cells in the earliest stages of growth are remarkable above aU 
others for their power of division. Cell-division takes place in 
geometrical progression. First, the parent cell divides into two ; 
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these again each divide into two and so on, until the single cell 
becomes a tissue. 

New cells may be formed in different ways. "With a few 
exceptions, which will be noticed later on (Part V.), new cells 
arise by division or aegmentaiion (of a parent cell), by /ree-cell 
/ormatioTt, or by conjugation. 

(1.) Cell-Division or Segmentation. — Cell-division is always 
preceded by certain peculiar changes in the nucleus (comp. 
p. 260), that structure being in fact chiefly concerned in the 
process. In the absence of the nucleus, no division could take 
place ; all cells capable of division are nflcleated. The process 
of cell-division is very beautifully illustrated in the development 
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of the gaard cells on either side of the stomata in the leaves of 
monocotyledoas (Fig. 339). Shortly before division the parent 
cell presents the appearance shown in I. It is uniformly filled 
with granular protoplasm, and the nucleus is as yet in a state of 
rest ; in the latter the outer envelope, two nucleoli, and granular 
contents are to be distinguished. The first sign of approaching 
division is seen in the granules of the nucleus, which first 
become coarse (XL), and afterwards assume a curved, rod-like 
form (III.), while the outer envelope disappears. Next the 
nucleus becomes spindle-shaped, and its granular contents collect 
at its centre in the form of a plate or band, — the nucUar plate. 
The two halves of the nucleus each appear to be composed of a 
bundle of threads radiating from the pointed end towards the 
centre (IV.). Division now takes place across the nuclear plate, 
and the granular protoplasm separates into two masses (V.). 
These collect at either end of the nucleus, and maintain a con- 
nection by means of numerous delicate protoplasmic threads 
(YI.). Each mass next develops an investing membrane, and 
the cell presents the appearance of having two distinct nuclei, 
connected with one another by threads of protoplasm (VII.), 
their rod-like appearance being still distinctly visible. 

With the division of the nucleus the first stage of segmenta- 
tion is complete, and the second stage, the division of the cell 
itself, now commences. The threads connecting the two nuclei 
spread out in the middle towards either side, a layer of minute 
granules appearing across the part where this extension is most 
marked (VIII.). These granules are derived from the cell 
plasma, and become incorporated with the connecting threads. 
The threads continue to extend until they, and with them the 
granular layer or cell-plate, meet the wall of the parent cell (IX.). 
The granules of the cell-plate at first consist of starch, being 
coloured blue by iodine. They are rapidly transformed into 
cellulose, however, when the plate assumes a homogeneous 
appearance, and becomes the primary external membrane of the 
new cell (X.). The new cell-membrane usually possesses the 
property of permeability in a high degree. With the develop- 
ment of the cell-wall, the mass of threads connecting it with 
the nuclei disappear, and the contents of these are now seen 
to resemble those of the nucleus of the original cell (see IX. 
and X.). 



FREE CELL FORMATION. 269 

(2.) Free Celt Formation. — Another mode of cell multiplication 
is that by which a large number of young cells are idmultaneously 
developed from a single parent cell, as regularly happens in the 
case of many Algfe. By way of example we shall here consider 
the 'so-called spores of Botrydium gramdatum, an alga already 
described and depicted ou p. 250. A specimen of Botrydium 
being kept in water for some days, the earth can easily be 
removed from its roots (w) without injury to the plant, which is 
then ready for examination under the microscope. If kept on 
the slide in a drop of water, the membrane surrounding the 
balloon-like head (a) is observed gradually to thicken and swell 
up, showing meanwhile distinct traces of lamination (Fig. 340, 
I.). At the same time the protoplasmic contents get broken up 
into minute portions, which, owing to their great number, cannot 
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at first be really dbtinguished from each other. During the 
night the distended membrane of the parent cell finally gives 
way at one point or another, and the young cells are set free (s). 
The whole mass is in a state of active motion, each individual 
spore continuing to swim about for some time. Each spore is 
surrounded by a delicate membrane, and is similar in shap^ to 
the parent celL It contains a quantity of granular protoplasm, 
and from one to four lai^ bright green chlorophyll corpuscles 
(cl. II.). At the pointed end of the cell is a long, colourless. 
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hair-like process, the cilium, by the vibration of which the 
nrganism is enabled to move hitlier and thither. On accoaot of 
their ability to swim about freely like young animalcules, anch 
ciliated cells are temied zoospores. 

After having continued in motion for some hours, the zoospores 
eventually come to rest. They lose their cilia and become 
globular in shape ; the cell-wall thickens ib. III.), and the active 
little organisms settle down to the normal stationary vegetable 
existence. 

Fig. 327 (p. 250) represents a pknt of Bolrydium fframdatum, as 
it appeared at eleven o'clock in the forenoon. The whole plant i« 
then ehown, the earth being entirely washed from its roots. Fig. 
340, 1., shows the upper portion of the same plant aa it appeared at 2.15 
next morning. The vesicles in the 
zoospores are formed by portions of 
the wateiy cell-contents of a. In 
II. we have six active zoospores as 
observed at 2.30 a-k., and in III. 
/ iJ^H^I' three toosuores at rest, as i 

Conjugation. — This mode of cell- 
multiplication is characteristic of 
the filamentous Aigs-, in which it 
may readily be studied. The fila- 
mentous Algie are to be found in 
every ditch and pond, where, espe- 
cially in spring, they are to be met 
with in the shape of greenish filmy 
or fleecy masses. They consist 
each of a thread composed of single 
cylindrical, elongated cells, placed 
end to end. Immediately before 
the process of conjugation takes 
place, two threads (%.e., two plants) 
range themselves parallel to each 
other, so that their cells lie oppo- 
site and almost in contact. From 
the sides of every pair of c«Ua 
processes next arise (Fig. 341, 
I., a), which grow out towards one another, until they finally 
meet'(&). Their separation disappears, and direct oommunica- 
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tion is established between the interiors of the two cells (c). 
Meanwhile the contents of both sensibly contract, and collect 
into an egg-shaped mass. When the cells are placed in com- 
mtinication, the contents of the one pass over and mingle with 
those of the other, the two together forming an oval granular 
mass scarcely larger than the contracted contents of the single 
cell. The new mass of protoplasm (o, IT.) becomes coated by a 
firm membrane, remains for a time unaltered, and finally deve- 
lops into a new filament by the ordinary mode of division. 



II.— VEGETABLE TISSUES (HISTOLOGY), 
1. — Modes of Cell-Union. 

In the foregoing chapters we have devoted ourselves to the con- 
sideration of the vegetable cell, its structure, origin, and develop- 
ment, without inquiring whether it, by itself, constituted the 
organism, or was only a part of the organism. We shall now see 
how cells unite to form the multicellular organism, and lose their 
individuality in the performance of functional activities for which 
the co-operation of a large number of similar cells is necessary. 

Vegetable organs consisting of a single cell are rare, and are 
confined to the lowest groups. Such a unicellular plant is 
shown in Fig. 342, which represents an alga {Closterium lunida). 
The cell is enclosed in a firm mem- 
brane, is crescentic in shape, and con- 
tains numerous chlorophyll grains, 
with larger starch granules arranged fio. 342. 

in four rows. The nucleus is situated A unicellalar alga {OotUrium 

in the white spot at the centre, and iToti.'»°^^'''"°^~"' 
at either end of the organism is a 

colourless vesicle, containing a number of minute crystals in con- 
stant vibratory motion. This tiny plant derives nourishment 
from the water in which it lives, and multiplies by a peculiar 
process of conjugation. 

Cells may unite to form a tissue in one or other of three ways, 
namely, by placing themselves in juxtaposition in one, two, or 
three directions. 

When cells are attached to one another in one direction only, 
the result is a filament. Such an arrangement is seen in the 
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filamentous Algae already mentioned (Fig. 334, Fig. 341), e.g,, 
Spirogyra, Zygnema, Conferva, CEdogonium, &c. The filaments 
occasionally branch, as in Cladophora, Bulbochsete, Chroolepns. 
In the higher plants, the filamentous arrangement of cells is 
found only in hairs and hair-like structures, e.g., the staminal 
hairs of Tradescantia, the hairs of the Malvaceae, &c. 

Again, cells may unite to form a tissue by attaching them- 
selves one to another in two directions. The tissue, then, has 
length and breadth, but has only the thickness of a single cell. 
Tissues of this kind are somewhat uncommon; the leaves of 
most mosses and scale-mosses may be taken as examples. 

Finally, cells may unite to form a tissue by attaching them- 
selves to each other in all three directions, as is the case with 
the tissues of all the higher plants. The tissue, then, has length, 
breadth, and thickness. The manner in which cells thus utfite 
depends on the form of the individual cells, and on whether 
there are several or only one species of cell entering into the 
composition of the tissue. 

Supposing that a tissue was composed entirely of cubical cells, 
these might then be arranged in layers so as to leave no inter- 
spaces between them. The same might occur if the cells were 
all regular three or six sided prisms. 

If, however, the cells of a tissue are irregular or rounded in 
shape, smaller or larger spaces — intercdlviar spaces — will be left 

at the points where three or more meet. 
Fig. 343 represents a cell from the pith 
of the elder ; w w are the common walls 
of this and adjacent cells ; % i the inter- 
cellular spaces left where three cells 
meet Here these are small and tri- 
angular ; in other tissues, especially if 
composed of rounded cells, they are 
large, and three, four, or more sided 
(comp. Fig. 329, p. 253). 

Another phenomenon, by no means 
uncommon in vegetable tissues, is the 
occurrence of intercellular passoffes. 
These are distinguished from interoel* 
lular spaces chiefly by their size. They form large cavities, the 
sides of which may be formed by four, six, eight, or more cells, 




Fio. 343. 

Cell from the pith of the 
elder Sambueut nigra) ^ 600 
times enlarged. / Interior ; 
w CeU-wall ; t Intercellular 
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and serve for the passage either of air or sap through the tissues 
of the plant. 

The intercellular passages are well seen in Fig. 344, which 
shows a portion of a cactus style (Rhipmlis pachyptera) in 
transverse section. That part of the tissue marked c c is com- 
posed of small polygonal cells, united so as to leave no inter- 
spaces either between one another, or between themselves and 
the adjoining vessels (g). A second portion {p p) is com- 




Fia. 344. 

l^ue of a cactus style in transverse section 
{RhipioUi pachyptera) ; 300 times enlarged, e Epi- 
dennis ; p Fundamental parenchyma ; e Prosen- 
chyma cells with delicate external envelope ; g g 
Groups of vessels ; 1 1 Interoelltdar passages. 

posed of large rounded cells, between which intercellular spaces 
of moderate size occur. Here, too, are two large intercelMai 
passages (I I) ; in this case they do not serve for the admission 
of air, but are filled with brownish coloured fluid. 

The Common Cell- Wall, — ^As has already been mentioned 
(p. 267), the two young cells formed by division of a parent cell 
are separated from each other by a common membrane, which 
is formed, after the division of the nucleus, from the granular 
layer, dividing the protoplasmic threads which connect the two 
resulting nuclei. It therefore follows that each pair of adjacent 
cells are originally separated by a single common partition, and 
not, as was formerly assumed, by a double wall, of which one 
side is developed by one cell, the other by the second. This 
common partition, however, subsequently splits along its length, 
as is shown by the presence of the intercellular spaces (Fig. 343), 
and by the fact that when boiled many parenchyma cell-mem- 
branes are capable of being mechanically split up, as above 

s 
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indicated. We are therefore justified in believing that the vail, 
originally common to two cells, becomes in the course of growth 
differentiated into two halves, each of which belongs to a 
separate cell. 




2. — Tissues in the earliest Stages of Growth. 

Among the higher plants the youngest or least developed 

parts are always 'found at the tip, new organs (leaves, flowere, 
&c.) always originating from 
that part of the growing shoot. 
In a section made throi^h the 
leaf-bud of a tree, for example 
(see Fig. 22, ante, p. 17), we 
can easily distinguish the young 
axis (a). At ita tipper end 
is a rounded prominence, the 
youngest part of the plant, aod 
that from which new organs 
are subsequently developed ; 
this is the grmnng point. It 
Fio. 845. ia shown in the section of the 

Section <M:ro« Oie tip of th« rt«ro rf • horae-chestnut bud represented 

yooDg borae- chestnut {jBtcvlvt Htppo- . ^. „,- 

eattrnnim) ; fifty timca enlarffed.— v in Fig. 345. 

Growing pUDt i B\ B' B\ S*. the -phe growing point consist*. 

two youngeit pain of leivei ; / / i i " , 

VmcuUt bundles of the second ynungeat i of a tissue of minute polygonal 
{.'^lhlr"m^ull^'""^ °' youngest; cells with uuthickened walls. No 
intercellular spaces are present, 
and the process of division goes on with great activity. The 
cells are filled to overflowing with protoplasm, and certain lai;ge 
nuclei. Cells of diverse shape do not exist. Tissue of this kind 
has received the name meristrm, or, from the fact of its forming 
the origin of all the other tissues of the plant, primary mendem. 
Fig. 346 shows the primary meristem of the receptacle of a 
flower of deadly nightshade {Atropa belladonna). The tissue 
is seen to be entirely formed of polygonal cells with unthickened 
walls. The cells in longitudinal section are four, five, or six 
sided. Not even the superficial layer (o) is difierentiated from 
those underlying it. 
To return to the growing point of the horse-chestnut IT the 
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part V in Fig. 345 be highly magnified, we find it to consiat of 
tissae very similar to that just described as belonging to the 
receptacle of the flower 
of the deadly night- 
shade. The upper part 
is composed of the same 
polygonal cells, and 
there is the same want 
of differentiation in 
the superficial layer. 
Further down, how- 
ever, we come upon a 
layer in which the 
cells differ in shape, and in the texture of their outer walls, 
from the preceding. They are arranged in vertical (m m) and 
horizontal (//) rows, and are distinguished from the cells 
overlying by the greater thickness and strength of their walls. 
This is the beginning of the differentiation of the primary 





Fis. 347. 

Lonptudiiul lectiaD through the growiog point ut the hone-chcatnut (/fiKii/tu 

BippoeattaiMni) ; 600 titii« enlarged. — S' B' YoDDgeat pair of learei ; u Uti- 

diRerentiated roerutem ; e e Superfid*! Uyer ; n m Cdl« fnnnuig the meduUa ; 

// Fibro.vucolar bundlea in conme of devdopment. 

meristom into pith, vascular bundles, and cortex or rind, issues 
with whose structure and function we shall become further 
acquainted by-and-by. The fact to be noted in the meantime 
is that they all originate from the meridem. It is difficult and 
ofton quite impossible to say where the meristem ends and the 
differentiated tissues b^n, the transition from the one to the 
other is so gradual. 
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In the higher plants a considerable number of cells go to the 
fonuation of new organs, but in the lower forma (algfe, mosses, 
ferns, horsetails) these originate irom a single cell. This com- 
mon parent cell is found at the growing point of the yonng 
shoot, and is termed the apical cell. That of MaTsUia undnatm 
(a plant related to the ferns) is shown in Fig. 348. Close beneath 
the growing point arise the youngest leaf-shoots, two of which 
are seen in Fig. I. At the end of each shoot is a large ceU, the 
walls of which are rounded externally, but run down obliquely 
on the inside (a s). This is the apical cell ; it is usually very 
distinctly nucleated. All the cells below the apical cell have 
developed from it in the order shown in Fig. 348, II. At the 




The kpic&t c«U. — Le»v«eof MartUia mieinala. J, Two joong 



600 timet enlarged. 

point where the leaf is now found was originally only the large 
rounded apical cell ; this in course of time divided, the wall 12 
placing itself obliquely to its long axis. By-and-by the wall 
11 was developed, so that the young leaf was now composed 
of three cells, the apical cell and two others derived from 
it. Division of the apical cell now continued, new cells being 
developed to the right and to the left alternately, in the order 
indicated by the numbei-s 10, 9, &c., I being the last to appear. 
In the event of further division taking place, a new cell would 
be formed pamllel to 2. The secondary cells themselves divide 
into segments, and hence we have the complex assemblage of 
cells shown in I. III. is a shoot similar to I., but turned 
through an angle of 90° ; the cell-walls are here seen only where 
they meet the surface of the young orgnn. 

Thn development of the root takes place in a similar manner 
to that of tlio.te parts of the plant which appear above the 
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surface. Id the higher plants the growing point is compoaed of 
a larger or smaller number of cells ; in the lower planfa, of a 
single apical cell. The subject will be further treated of in a 
subsequent chapter. 

3. — The Systems op Tissues. 

If a fuU-grown stem, say that of an herb, be cut across, we 
find it to consist of two sorts of tissue, very easy to distinguish 
from each other (Fig. 349). The tissue of which it is mainly 
composed is of uniform consistency, and is made up of rounded 
unlignified cells, with intercellular spaces between them (p. 272), 
This is the parcjichyma or fundamental tissue. 

Irregularly scattered through the fundamental tissue are numer- 
ous groups of cells, chiefly distinguished from the others by the 
fact that their walls are much thickened, and frequently lignified 
(g). In longitudinal section these are seen to be greatly 
elongated (comp. p. 260), the tissue which they form being 
termed prosenckyma. This tissue always contains vessels (comp. 
p. 250), which traverse the stem in the long direction, forming 
the vascular or Jihro-vatrmXar bundles. 

The cells composing the superficial layer of fundamental 
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FiQ. 3*9. Fia. 350. 



Rg. 3*9.— TraMverao •octioo of the »tem of » monocotyladon {Atpidutradaticr). 
Kg 860 —Do. of the stem of ft dicotyledon {Kerria japonka) ; fifteen time* 
eiSuged. e EpidBrmu, r Rind, m Medull*, g Fibro.T»«cular bundln (in Fig. 349 
•ctttered, in Fig. 350 uruged in a circle). 

tissue (e) are distinguished from those underlying them by the 
superior thickness of their outer walls ; they form the epidermis 
of the stem. 
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These three tissues, the epidermis^ the fundamental iissuef and the 
fibro-vascular bundles^ are found even in the simplest foil-grown stems. 
We shall presently see, however, that in many, nay in most stems, 
these tissues develop in very different ways, and are each capable of 
distinction into different layers. 

Bistriiution of the Fibro-vascular Bundles through the Ftinda- 
mental Tissue {Monocotyledons and Dicotyledons). — In the higher 
or phanerogamous plants the fibro-vascular bundles are dis- 
tributed through the fundamental tissue in two ways, the one 
peculiar to the monocotyledons (comp. pp. 100-102), the other 
to the dicotyledons (comp. pp. 115-116). 

In the case of the monocotyledons (Fig. 349) the fibro-yascular 
bundles are seen in transverse section to be irregularly dis- 
tributed through the stem, without being confined to any 
particular region. 

In the dicotyledons, again (Fig. 350), the fibro-vascular bundles 
are seen in transverse section to be arranged in a circle round 
the central portion of the stem (jg\ and are placed (at least in 
full-grown stems) so close together that they divide the funda- 
mental tissue into two well-defined parts, — the medulla (m) or 
central portion, and the cortex (r) or peripheral portion. 

From the foregoing it is evident that the higher plants fall naturally 
into the two groups of monocotyledons and dicotyledons. We shall 
further see that the fibro-vascular bundles are also different in stnicturo 
in the two classes. 

4. — Efiuekmal Tissuks. 

All tissues forming the external investment of the vegetable 
organism are so modified as to withstand successfully variations 
of temperature, &c., which might prove injurious to the delicate 
underlying structures. We therefore find the epidermal tissues 
best developed in those organs which are most exposed to the 
injurious agencies above referred to. 

As a rule, only the superficial layer of cells undei^goes modifi- 
cation, cases in which the underlying layers also become modifie<t 
being rare. Along with the epidermis proper, we shall consider 
the hairs, the stoviata, and the bark. 

I 

A. Tfie Epidermis, 

The superficial layer in the stem, leaves, &c. is almost always 
distinguished from the subjacent layers by the peculiar develop- 
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ment of its cell-walls ; it is termed the epidermic. The epidenuiB 
ia always composed of cubical, prismatic, or flat-shaped par- 
enchyma cells. They are commonly arranged in rows, in such 
a manoer that the long axis of each cell corresponds with that 




Fio. 361. 

Fig. 351. — E^ermii oella from ths Iraf of Sirttitna Ntmlai : 
renioTed bj tnkbng tba leaf with boiliiiff watar ; 200 timee snluged. 
Fig. 852. — Ths mae from ■ ona-year-old item of Kerria jafmiea, 
in vartical lectioii ; 600 timus ealuged. t Epidermii c«ll<, is Thicicsned 
oltenul aOrfue, c Cuticle, t Subcutuiemu Ufar, r cortical celLt. 

of the organ on whose surface it lies (Fig. 351). In cross-section 
the epidermal cells are quadratic or oval (e) in shape, and are on 
three sides enclosed by walls similar to those of ordinary cells. 
The fourth side, however (that, namely, which constitutes the 
outer surface), ia very strongly developed ; its thickness varying 
according to the toughness of the surface of the organ to which 
it belongs. The outermost portion of the cell-wall is invested 
by a delicate membrane which runs continuously over the whole 
epidermis. This membrane, the cuticle, is composed of a layer 
of cork substance (suberin, p. 248), and is frequently much 
corrugated. 

The cuticle is of great service in relation to the circulation of 
sap in the plant It is close and firm In texture, and has incorporated 
with its substance minute particles of resin or wax. The cuticle ia 
capable of absorbing moisture restii^ on the surface of the organ it 
covers, while it prevents the sap contained in the tissues of the plant 
from poseiDg out and being evaporated. 

The layers of cells lying immediately below the epidermis sometimes 
differ from the rest of the fundamental tissue in a lomarkable manner. 
Thus in Fig. 362 we see benooth the superficial epidermic layer a layer 
of cells with thickened walls (« s), uuder which we first meet with the 
usual thin-walled parenchyma cells (r). A layer of permeable coUen- 
chyma tissue is also sometimes found beneath the epidermis, the cells 
of which are similar to thuse already described on p. 246. 
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By peculiar modifications of individual epidermic cella, hain 
and stomata are formed. 

(1.) Hairs. — Haira (comp. p. 79) originate by the extra- 
ordinary development of an epidermic cell in the long direction 
(Fig. 353). If during the develop- 
ment of the cell no internal division 
takes place, the hair is said to be 
unicellular (III.) ; in other cases it 
is said to be multicellular (I. and 
ir.). Hairs vary much in shape. 
Unicellular hairs are usually cylin- 
drical and pointed, while multicel- 
lular hairs are frequently davate. 
If the terminal cells are rounded 
and much larger than the others, the 
hair is said to be capitate. Stellate 
hairs are those in which the cell 
from which they originate has be- 
come branched. Prieklet are hairs 
composed of cells having lignified 
walls. 




Fig. 353. 

Bairt. — I. UnlticaUulU' capitkte 

hftir from the necUr; of AlMliiaa 

Jiitdebrundii. 600 timet enlu^ 

II.. MulticeUuUr "' " ' ' 



In many plants the cells conatitating 
^^o^-' ^^^ ^nra attain a coneiderable aiie, 
luur from the style of a sepaiate from the parent organism, and, 
(peoies of Bibitcui, 400 timet en- under favourable circumstances, develop 
Urged. (In L and III. tb. oeU- i^^^ ^^w pWtfl. This peculiar pheno- 
contente we indicated,) . t™""- . If" r 

menon la charactenstic of many moeaea. 
We shall here trace out the various Bt«p6 of the procesa in a liver-wort, 
Marchantia polyniorpha (Fig. 354). 

Marchantia polymorpha is a delicate green, moss-like plant- It 
Attains a length of several centimetres, and is attached to the ground 
by numerous thread-like roots which spring from its under surface. 
Besides the fruits, there sometimes appear on the surface of these 
plants tiny cup-like structures, containing numerous small cellular 
bodies. When full grown, the latter separate from the cups in which 
they have developed, and fall to the ground, where, if sufficiently 
supplied with light and moisture, they develop into new plants. Tbey 
are technically termed gcnimx : their development is as follows : — 
A hair-cell — one of the epidermic cells forming the lining of the cup-like 
structure — begins to project above the other, and is divided in two by 
the partition a (I.). The cell is thus divided into a superior and an 
inferior half. Further division takes place in the superior half by the 
development of two more partitions parallel to a (b, e, II.), aft«r which 
the vertical partition d. The process continues until the stmctnre 



aasnmee the form shown in IV, and V., the three original aegmenta 
being marked by stronger lines. The superior half is now mnlti- 
cellidar, while the inferior half (/) remains unicellular. In the next 
stage (VI.) the process of cell-division makes rapid progress, develop- 
ment, however, in the part between h and c not keeping pace with that 
of the rest of the tissue. This becomes gradually more and more 
marked (VII.), a depression being now distinctly discernible at the 
point above indicated. When nearly full grown the structure consists 




DmiopntM nf gemma m Marchuitis polTmorpha. — I. Epidermio osUb, 
npoD wMeh lica the apiol cell from which the gemmm ii deTeloped ; tba 
Gnt two K^menta m tirstAj preseat, lepustfld by a putiUon kt a. II. 
kddltionAl Mgrnsota (b e) developed parallel to a. 



in VI. and VII. ft multicsllulu- tiame liu been formed. '. 
have the fuU-grovn genmu, composed of a tJune of parenchyma celU, and 
(lightly cleft at h {i.e., between the s^menta i and f ). The cell<oontenta 
are indicated in I., II., IIL, and vt. ; they ore omitted in the other 
Sgnree for the lake of cleameM. L- VII. 600 timea enlargnd ; VIII. 200 
time* enlarged. 

of a tissue of parenchyma cells, is rounded in shape, has two lateral 
indentations, A A (corresponding to 6 c), and is supported ou the 
inferior cell, /. After separation from the cup, young ijkoots arise from 
the indentations. 

From the foregoing it appears that the original hair-cell is similar to 
the apical cell already described (p. 276), and the process of develop- 
ment of the gemma of Marehatttia resembles in many important 
respects the development of the leaves of Margilia. 

(2.) SlomeUa. — Stooiata are to be found in the epidermis 
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of moat green parts of the plant When the epidermis la torn 
away from the under side of a leaf, we see, interspersed among 
the ordinary epidermic cells (e, Fig. 355), a number of crescent- 
shaped cells arranged in pairs opposite to one another. These 
are the stomata (s). They are found by hundreds in every 
leaf, and are distributed with more or less r^ularity. Thus, 
in the example shown in the iigure (leaf of snowdrop), they 
always occur where the narrow ends of two epidermic cells 
come into contact. 




Letuxjvm I 



Fia. 3S6. 
tiuQ of epidermU from tha under side of the laaf of 
,, 300 tiniH anlarged. e Epidermic celli ; i GturdcelU. Fig. 
in a tnuuTOM section of the ovu; of Agapantiu4 waiMIahu, 600 
(imM eoluged. i Tha two ^ird-celli, cuntwning protopknc and starch gnauls 
(a) ; below, the air ipace (A^ hare bordered by five puenchTma oeUi { p ], all oon 
taining cfalorophylt corpuiclw (3) and two of them with a uucleiu ; t E[dd«niue 
cells ; t Large nuclei of do. ; r Corrogated cuticle. 

The stomata are formed by two symmetrical semilunar cells, 
called guard-cells. The concave surfaces of these are to a certain 
extent mobile, and capable of being approximated one to the 
other. When they meet the stoma is dosed; when their coo- 
cavity becomes more pronounced, the stoma is open (see «, 
F^. 355). 

A section passing through a stoma shows that the two guard- 
cells (», Fig. 356) belong to the epidermic layer (e). The cells 
shown in the figure are in shape very like a bean, except that 
the end next the surface of the leaf is somewhat pointed. They 
contain granular protoplasm and starcli grains (a, comp. p. 264). 
Between the two guard-cells is an intercellular space (comp. p. 27-} 
forming an opening through the otherwise continuous epi<leriuis. 



STOMATA. 283 

and communicating directly with the deeper tissues of the leaf. 
Below, the opening widens out into a large cavity (h), bounded 
by the walls of a number of ordinary parenchyma cells (p). By 
means of the stomcUa, therefore, direct communication is established 
between the interior of the leaf and the external world. The com- 
munication is cut off when the stomata are closed. 

Stomata are formed by the modification of epidermic cells. In the 
leaves of Leucqjum vemum this modification takes place in the follow- 
ing manner : — ^By means of a transverse partition, a small portion at one 
end of an ordinary epidermic cell is shut off from the rest, and a smaller 
cubical cell is thus formed. This again becomes longitudinally divided 
into two halves (comp. p. 267), the position of the future stoma being 
indicated by a slight curvature of the cell-wall. Later on, the last- 
formed partition splits along its entire length (comp. p. 273), and the 
two lamellae gradually grow further and further apart. The guard-cells 
afterwards become more rounded, and the development of the stoma is 
complete. 

Stomata are almost entirely confined to the green parts of 
plants. They are especially characteristic of the leaves of the 
higher plants, appearing for the most part on their under surface. 
They are seldom or never found on the upper surface, except in 
the case of such water plants as have floating leaves {Nymphoeay 
Hydrocharis), the upper surface being then alone in contact with 
the air. Stomata also occur on such parts as the stems and 
ovaries (see Fig. 356) of plants, when these are coloured green ; 
they are not found in true roots. 

The function (comp. p. 240) of the stomata is of great impor- 
tance. When open they afford a passage for the admission of air 
to the vegetable tissues. These the air penetrates chiefly by 
means of the intercellular spaces. The intercellular spaces are 
lined by parenchyma cells, having excessively thin walls, and 
filled with chlorophyll. The air, passing through the cell-walls, 
reaches the chlorophyll granules, in which, by the action of sun- 
light, a very peculiar change is soon effected. The carbonic 
acid gas, of which atmospheric air contains about '04%, unites 
with the water in the cell to form a carbohydrate — one of those 
cliemical combinations which we have already seen (pp. 244 and 
264) to be of great importance in the nourishment of vegetable 
tissue (e.^., the formation of the cell-wall, &c.). In these cells 
therefore, an organic compound is elaborated from two inoi'ganic 
substances, carbonic acid and water. As, however, the resulting 
carbohydrate contains less oxygen than carbonic acid and water 
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tc^ther, it follows that, in the process of combination, a con- 
siderable quantity of oxygen must be set free. This is returned 
to the atmosphere through the stomata. The process is there- 
fore one of deoxidation. Tlie absorption of carbonic acid by 
the cells, its ekboration into a carbohydrate, and the resulting 
liberation of oxygen, constitutes the process of " ammilaiion." 
This is not to be confounded with respiration (the taking up of 
oxygen, and giving off of carbonic acid), a process which is carried 
on among plants just as among animals (see below). 

Of the details of the proceas of assimilation, as effected under Ibe 
influence of Bunligbt in tissues containing chlorophyll, nothing is «8 
yet known, and chemists have not yet succeeded in repnidncing it arti- 
ficially. Let OS suppose starch (CiH„Oi) or sugar (dHuO,) to be the 
resulting product of asBimilation, the process may then possibly be 
represented by such formulie as the following : — 

6 CO, + 5 H,0 - 0,H„0. + 13 O 
Cmibonic Bdd. Wktar. SUrrb. OsTpn. 



6 CO, + 6 H,0 = C,H„0, + 12 O 
Culxnie MJd. Wktwr. Sugar. OijgoL 

Recent investigations tend to show that hypochloiin (see p. 262) 
is the first product of assimilation from which starch, sugar, and other 
caibohydiates are after- 
wards elabonted. 

The liberation of oxygen 
involved in the pToceas of 
assimilation may be demon- 
strated by the following ex- 
periment (see Fig. 357). 
Let the end of the tube of 
a large funnel (6) be covered 
with an indiambbei band 
(e), over which is fitted a 
glass teat-tube (tf). Have 
ntady a cjuantity of fresh 
' green leaves mechanically 
freed of any air that might 
In adhering to them, by 
soaking for some time in 
water. Plunge the funnel 
*'"^- *'^- into a bath containing die- 

Apfontu. (or d™on.U.tu.g Uw Kbentkni o( jiUed water, and fill the 
c«jgm from Ux gn-n p«. o( PI-.U. ^^^ ^^ ^.^^ ^^ ^^^ 

Then, as ahown in the figure, place the ap[wratus, wide end downwards 
in ■ gla»8 vessel (•>), and expose the whule to the action of annlight 




The proceBs of. asaimilation ie continued for Bome time in the leaves 
by means of the air enclosed in their air spaces. By-and-by air 
bubbles arise from the leaves, pase upwards, and collect in the test- 
tube. At the end of the experiment the presence of a large proportion 
of oxygen in the ait occupying the apace e d, may be demonstrated by 
the application of a glowing match, which, on being introduced into 
the test-tube, bursts into a flame. 

As a rule stomata serve for the absorption and exhalation of gases, 
but in some cases the leaves of plants also contain openings for the 
discbarge of fluids. Thus the submerged leaves of certain water-plants 
{Gallitne?ie, Ilollonia, Batrachium) bave pores by which water is given 
off ; similar pores are found at the tips of the teeth in the seriated 
edges of many leaves ; these secrete a slimy fluid. Finally, the hooey 
is discharged from the nectaries of many flowers by means of pores 
(comp. p. 182). In such cases the stomata form true organs of 
secretion. 

B. Cork. 

Besides the epidermis proper, and the structures in connectioa 
with it, ve have to take account 
of the corky layer as one of 
the epidennic tissues. The for- 
mation of cork regularly occurs 
in such plants as attain con- 
siderable thickness, and are 
exposed to great variations of 
temperature (trees, &c.). 

Fig. 358 represents the cor- 
tical system of a one-year-old 
stem of currant bush {Rihes 
saTtguineum), as it appears in 
winter before the new sap 
begins to circulate. The stem 
is covered by very strong epi- 
dermis (e), beneath which are 
several layers of irregularly 
shaped cells (r), the walls 

of which become distorted a one-jeu-oid twig of ROtt, 
during growth. Next comes tZVrS.^;,^:ZUIt 

the corky layer (k), which lowest UyercontUDingajBUlB of i:»lcium 

«.TiaTflfPS thfl hnpW fmm thp "»»'»'«;* Cork, the celli of the lowart 

separates tne oaric irom tne i,,er(s) conKuning chlorophyll; ihMt- 

bast (V\. celli, piniiig gndiull; into Ikfen of «oft 

The cortical layer is com- **"'*"■■ -^pp"""" du^ng winter. 
posed of several rows of tabular cells, arranged above one another 




Fia. 3G8. 
Oultr Bali. — Tnuuverte •ection 
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at right angles to the surface. Their walls are of moderate 
thickness, and meet one another without forming intercellular 
spaces. In physical properties the cork resembles the cuticle, 
being, like it, impermeable by water or air. 

The corky layer increases in thickness by division of the 
lowermost rows of cells. Eventually a thick coat of this tissue 
is foiined, which closely envelops the whole stem, and is called 
the periderm. As it develops, the overlying epidennis disappears, 
and the cork becomes the sole protective layer. While the older 
cork cells die, they are replaced by the di\'ision of the lowest 
layer of ceUs, the cork-cambium (Fig. 358, g). This constitutes 
the formation of the cork, which consists of large masses of 
tissue, and in certain plants periodically peels ofiT in laminte. 

The surface of wounds in soft growing tissues usuaUy gets coated 
over with cork, which prevents the injurious effects of exposure to 
the atmosphere. 



5. — ^FiBRO- Vascular Bundles. 

While the lower plants consist solely of parenchyma, the 
higher plants are characterised by the presence in their funda- 
mental tissue of prosenchyma cells and vessels. These are 
arranged so as to form strings or bundles, which run parallel 
to the long axis of the organ to which they belong. They 
constitute what is termed vasctUar tissue, vascuiar bundles, or 
fibrO' vascular bundles. Plants which have no fibro-vascular 
bundles are termed TludUyphytes (Fungi, Algae, Lichens). In 
contradistinction to these plants in which fibro-vascular 
bundles are present, arei termed Cormophytes (Ferns, Conifeia, 
Phanerogams). The link between the Thallophytes ai^d the 
Cormophytes is formed by the mosses or Muscine^e (liver-worts, 
bog-mosses, true mosses), in the stem of some of which a single 
incipient fibro-vascular bundle can be made out. In the higher 
plants the fibro-vascular bundles are arranged in two ways, 
as already indicated (p. 277); in the monocotyledons they 
are irregularly distributed through the fundamental tissue ; in 
the dicotyledons and conifers they form a concentric circle. 
The ferns so far approach the mosses, inasmuch as their fibro- 
vascular bundle or bundles traverse the centre of the stem. In 
other plants related to the ferns (e.g,, the Equisetums, see below) 
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the fibro-vascular bundles are arranged in the same way as those 
of the dicotyledons and conifers. 

The fibro-vascnlar bundles traverae the stem and loota in the 
long direction. In the former case they frequently anastomose. In 
many planbi they may easily be distinguished with the naked eye, e.g. 
in the broken leaf-stalk of the plantain {Plantago rruyor), where they 
appear as brownish threads. The vascular system of the stem is very 
complex, branches being given off at intervals to the leaf-stalks, leaves, 
and flowers. The venation of the leaves is formed by these vascular 
handles and their branches. 




Fio. 359. 

Sit»pU Jibtv-vaicular kundii from a CftUmui alem {A BorM$ Calamui) ; 

ttuuveTM lactiun, 300 timet enUrged. gg Oruupa of tomI*, ec 

Cambiform oelk, p p Callulu- tixtae (pareiiclijnn>), 1 1 Air ijiacm in 

tbe luiTounduig fundalneiiUI ti»ne. 

Let US now examine a very simple fibro-vascular bundle (Fig. 
344, p. i73 ; Fig. 359, transverse section). In the example 
here shown the cellular part of the bundle may be easily i^s- 
tinguished from the surrounding parenchyma with its rounded or 
elliptical cells, by the fact of its containing no intercellular spaces. 
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la such a bundle we see two main kinds of tiasae. One is 
composed of small, polygonal cells, similar to those of the 
fundamental tissue forming the great bulk of the stem; the 
other consists of a number of larger, more rounded vessels, with 
thickened walls {g </). The former is styled cavibiform, tissue, 
the latter vascular tissue (comp. p. 254). 

The two kinds of tissue may be seen still better in a 
lonrritudinal section (Fig. 360). The example here shown is 
very similar to that in Fig, 
344 ; p ^ are the thin - walled, 
cylindrical cells of the funda- 
mental tissue \ ccc, the cambi- 
form cells, ^ y are spiral 
vessels. 

The structure above described 
is characteristic only of very 
young and simple fibro-vasculu' 
bundles. These originally de- 
velop entirely from procambiom 
cells, but as they grow older 
, paiticB- 
. eDiu^ect. larly in the hardier portions of 

"" wTti^ " '^'^''""™' "" ^'"'^ *'**^ P^*°* ^^^™' '^™'^' **"^- 
Ultimately the structure of the 

Rbro-vascular bundle is often very complex. The appearance 
of the fibro-vascular bundle in the later stages of growth 
depends on the manner of its development ; it differs in mono- 
cotyledons and dicotyledons, at least so far as the bundles of 
the stem are concerned. Fibro-vaacular bundles are accordingly 
divided into two classes, the <^ed or monocotyledonous, and 
the open, or dicotyledonous. 

(1.) Closed {or Monocoti/ledoTunis) Fibro-vascular BaitdUs (Fig. 
361). — Closed bundles are entirely composed of permanent 
tissue, t.e., tissue the cells of which are incapable of further 
multiplication by division. Closed bundles cannot therefore 
increase in breadth and thickness. Such a bundle is shown 
in Fig. 361 ; ^ p is the surrounding parenchyma composed of 
thin-walled cells, and containing laige three and four sided 
intercellular spaces ; ^ ^ is a group of vessels lying in con- 
nection with one another, and forming almost the extreme limit 



SimpU Jthro-voKvIar bun/Be tnm the beCOme mUCh altered. 
rtylo of Cereui grand^onu ; longi- 
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of tlie bimdle ; these are thick walled and pitted, and enclose 
a portion of the permanent tissue (c c), another small part 
of which ia found external to (g g) and is specially well seen 
at rf rf. 




CUittd fibro-i-aieulaT bamUt from the rhiznnie of ConixdiaTia majalU ; trMu- 
veru uction ; 450 timee enlarged, g g VeaaeU forming tlie outer limit of the 
bundle (the pita >re ehown at I, but are omitted elaewhere) ; e c PermMient 
tiiMUCT, surrounded by vefaeln ; d d Permanent ticaue outaide the vessela ; p p 
FimdameDtal tlMue, the cells of nhich have Itecnme thicker and unaller *Xff: 
a Peripheral lajrer of parenchjmB cells, with walls thickened on one lide (coin|>. 
Fig. 329) \ ^ g" VeueU belonging t<i other fibro- vascular bundlet. 

(2.) Open {Dicotyledonous) BitwHcn (Fig. 302). — On the whole, 
the structure of clo-wd bundles is simple and easily understood ; 
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that of opeii bundles is much more complex. In contraat to 
the former, open bundles contain a certain layer of cells which 
retain their capability of multiplication by division. These cells 
are situated In the centre of the bundle, which may accordingly 




Fio. 362. 
Oftn jibro-wurvlaT ha/idle fium a one-year-old t 

Fig. 350) ; 200 time* aDluged. hgx XyUa ; e i : _ 

Woody pire&ctiyiDa ; g VeMcli ; b b Cainbium ; o o n • Batt paroKbjn* : 
Thickisned but'Celli ; k Vauular ]iuiitiaD ; jf' j^ OUur TRKolar buDdla* ; ■ Pitfa 
(thepiuace indicated at t) \ 1 1 Hedullar^ nj'ii ; r p Paranch jma oelk ol Um baik, 
parti; IUl«d with chloniphjill ; t Epidermu (oomp. F%. S&3). 

go on increasing in thickness ad libitum. This central layer of 
cells constitutes what is termed the cambium (6 6, Fig. 362). 
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The layers on the outside of the cambium are composed of bast- 
cells, those on inside of wood-cells, hence the division of the 
bundle into bust or pMoem, and wood or xylem. The bast tissues 
are indicated in the figure by the letters o i n, the wood by the 
letters h g x. 

The caTnMum ceUs always have thin walls, and are entirely 
filled with protoplasm. The partitions arising by the division 
of the cambium cells are formed in a tangential direction. 

The wood or xylem layers of the bundle are chiefly composed 
of prosenchyma cells having lignified walls. Some parenchyma 
cells are also sometimes present, these being a little modified 
from the division of the cambium cells. 

The two chief elements found in the xylem are true wood 
cells (fibres) and vessels. The former (A A a;) constitute the 
great bulk of this part of the bundle ; they are narrow, elongated, 
and often cylindrical; their walls are much lignified, and 
contain simple or bordered, round or slit-like pits. They are 
separated from each other by horizontal or oblique transverse 
partitions. At the junction of the xylem with the pith, cells 
are sometimes found intermediate between wood fibres and 
pith-cells ; they are shorter than true wood-cells, are separated 
by almost horizontal partitions, and are pitted after the manner 
of pith-cells. The pits of the wood-cells are open ; the latter 
being therefore in direct communication, their fluid contents 
soon disappear, and in the later stages of their existence they 
contain only air. 

The xylem contains a number of vessels (g g), easily distin- 
guished from the surrounding tissue by their greater diameter. 
These frequently occur in groups of three or more, lying in a 
single row, one behind the other, within the layers of wood fibres. 
They originate from wood-cells by the absorption of the inter- 
vening walls, and are distinguished by their size and by the 
variety of their modes of thickening ; they may be spiral, 
annular, scalariform, reticulated, and pitted (comp. p. 255). 
Many transition forms are found between true vessels and 
wood-cells. 

The bast or phloem lies, as already stated, outside the cambium 
layer. It consists of two sorts of tissue, soft bast and boM fibres. 
Soft bast (p o) originally consists of parenchyma ceUs deriveil 
from the cambium, in which latticed cells or sieve tubes are 
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afterwards developed. These are vessels corresponding to ihe 
vessels of the xylem, and are produced from rows of last-cells 
as the wood vessels are produced from rows of wood-cells. The 
sieve tubes receive their name from the peculiar manner in 
which their apposed ends are pitted, these being pierced by 
numerous holes so as to look like a lattice or sieve. Scattered 
through the soft bast, or situated at its extreme edge, are groups 
of much thickened cells, which constitute the bati fibra (t 0- 




Fio. 363. 
LoDgitudituI Motion through % vaaenlar bundle from the cme.jpekr^ld iteiD of 
Cor^Ht tubviota ; 600 times enlarged. M Pitb ; Vucular buudlei ; R CfvtKxl 
pkrcncbynu ; m Tbia-nalled uid n Thickennl pith «U> ; h Woodj pMt o( the 
TiKular bundle ; r h Cunliinni ; h But ; ki Spinl ve»ola ; tg Pitted TCMcla ; 
At Wuod fibre L-elli ; bp Biat parenchyma ; A/Thickenvd baat &brea. 

Tliese are developed like wood filires by the elongation and 
thickening of cells, and are long, tubular, and pointed at the 
ends ; the individual fibres are thus spindle • shaped. The 
walls of these cells are very much thickened, but do not con- 
tain pite. 
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Fig. 363 represents a longitudinal section of a fibro-vascular 
bundle from the young stem of Coryltts tubviosa. The leading 
features of the open bundle may here be easily distinguished. 
M indicates a portion of the parenchjonatous medulla or pith, 
the fibro- vascular bundle, R the cortical parenchyma; m are 
true, pitted, pith cells, at n they have become more woody. The 
xylem or wood is well seen at A, and the phloem or bast at 6, the 
cambium layer occupying the space c h between the two. In 
the wood the following parts may be distinguished : next to the 
medulla come several vessels, — sg spiral, tg pitted, the latter 
being very weU marked, and possessing several rows of pits ; at 
d the part of the wall of the vessel has been removed. Next to 
these come numerous wood-cells pitted in various ways ; these 
are distinguished from the vessels by their smaller diameter and 
by the occurrence of numerous partitions. The soft bast (ftp) 
and the bast fibres (bf) of the phloem are sharply marked off. 
The soft bast seems entirely composed of parenchymatous cells, 
which vary in length in the different layers, as sieve tubes are not 
shown in the figure. The characteristic shapQ of the bast fibres 
above described is well shown ; their granular contents are also 
indicated. 

Beyond the bast fibres are the deeper layers of the cortical 
parenchyma, the cells of which have slightly thickened walls and 
contain chlorophyll granules. 

The larger fundamental tissue which bounds the veuscular 
bundle is usually different from the rest of the cortical tissue ; 
in most cases it contains numerous starch granules, which are 
often compound. It is termed the buruile sheath (k, Fig. 364). 

6. — Fundamental Tissue. 

Fundamental or ground tissue is a term applicable to all kinds 
of vegetable tissue, with the exception of the epidermal and the 
fibro-vascular systems. The term fundamental parenchyma, or 
simply parenchyma, is sometimes used as a synonym for funda- 
mental tissue, but the expression is not accurately correct, as 
fundamental tissue frequently contains prosenchyma cells. The 
terms, therefore, can only be interchanged when the funda- 
mental tissue consists solely of parenchyma cells. 

The fundamental tissue is usually composed of rounded, 
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elliptical, or cylindrical cells, with thin walls; it contains 
numerous intercellular spaces (see Fig. 349, p. 277). In those 
regions lying next to the epidermis, the cell-walls of the funda- 
mental tissue sometimes become thickened, whereby the parts 
in which they occur become firmer in texture. CoUenchjrma 
(comp. p. 246, Fig. 325), and sclerenchyma are examples of 
tissues composed of such cells. Sclerenchyma consists of much 
thickened woody parenchyma (Fig. 326, p. 247), and these 
may frequently lengthen and unite into bands which are not to 
be confounded with fibro-vascular bundles. 

Tissues are also divided into Protenchyma and Epenchyma. Proten- 
chyma tissues include the primary meristem and the epidennic tissues 
directly derived from it, with all fibrous structures (e,g., sclerenchyma 
fibres) which arise from modification of the fundamental tissue. Epen- 
chyma tissues, on the other hand, include all fibro-vascular structures, 
t.&., all tissues derived from the cambium (comp. p. 290) or pro- 
cambium (comp. p. 288). 

The development of fundamental tissue, apart from collen- 
chyma and sclerenchyma, is tolerably uniform throughout the 
stenL In many ferns, for example, it forms a thick layer 
round the central group of fibro-vascular bundles (comp. p. 
286), the walls of the cells in the deeper parts being ex- 
tremely thin, those nearer the surface ' thicker and brownish. 
The tissue composed of cells of the former kind is distin- 
guished as the medulla or pith; that composed of the latter, 
as the cortex or bark ; but these are only different forms of 
fundamental tissue. 

In the monocotyledons it is seldom possible to draw a sharp 
line of demarcation between the pith and the cortex. Still, in 
many monocotyledonous plants (Fig. 349, p. 277), the scattered 
fibro-vascular bundles (g) are all distributed in the central portion 
of the stem (m), and the region / may contain a persistent 
layer of cells still capable of division (meristem, comp. p. 275), 
while that immediately below. the epidermis is traversed only by 
fibro-vascular bundles passing out to supply the leaves (/). In 
such cases one may term medulla that portion of the funda- 
mental tissue lying within the layer of meristem, and cortex 
that lying outside it (r). 

In the dicotyledons (comp. p. 115) and conifers, on the 
other hand, the medulla and cortex are sharply distinguished 
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from each other^ the ring of fibro-vascular bundles fonning a 
boundary dividing the one from the other. The ring of fibro- 
vascular bundles is shown at g gin Fig. 350 (p. 277) ; on the 
inside is the meduUa (m), on the outside the cortex (r). 
Between the fibro-vascular bundles are bands of fundamental 
tissue which connect the medulla with the cortex ; these are the 
medullary rays (s). 

The medtUla consists of four, five, or many sided parenchyma 
cells, between which are very small, usually triangular inter- 
cellular spaces. Their walls are slightly thickened, and mostly 
show large, rounded pits (Fig. 363, p. 292). Isolated pro- 
senchyma cells are also occasionally met with in the medulla. 
The walls of these are much thicker than those of ordinary pith- 
cells, and are often slightly coloured (e,g., pith of the elder)* 
We have already said that the pith in the vicinity of the fibro- 
vascular bundles frequently undergoes considerable modification 
(p. 291). In young plants the stems are very largely composed 
of pith. As the process of lignification goes on, however, and 
the fibro-vascular bundles develop, the proportion of pith 
decreases until in the full-grown stem it finally disappears or 
becomes confined to a very small area. 

The celltUar envelope (rp, Fig. 362) originally consists of regular 
cubical or prismatic, roundish or cylindrical cells, the shape of 
which, however, frequently becomes distorted in course of growth 
(r, Fig. 358, p. 285). Their walls are soft and elastic, and as a 
rule contain no pits. In young stems this layer plays a part in 
the process of assimilation, and its cells are accordingly filled 
with chlorophyll grains (comp. p. 261). Like the pith, this 
layer has to make way for the development of the fibro- 
vascular bundles, and as the cork (comp. p. 286) forms between 
it and the peripheral bast layer, it is pushed towards the outside, 
where, along with the epidermis, most or all of its ceUs die, and 
the process of bark formation goes on as already described. 

The medullary rays (5, Fig.- 362) are represented in young 
stems by radial layers of cells, separating the fibro-vascular 
bundles. These differ little in structure and contents from the 
pith-cells proper. As the fibro-vascular bundles widen, the 
medullary rays undergo compression, untU in the full-grown 
stem they appear as a system of narrow, radiating, and frequently 
interrupted lines. 
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The structure of the medullary rays is illustrated in Fig. 364:, 
The layer of highly lignified pitted cells (h in I.) represents the 
wood; over these are the thin-walled camhium cells (A), and 
beyond these, again, is a portion of the bast (b), showing two 




I. Tnnaverse, IL Rdial, III. Tuigential section of the joaog trunk ol 
Srquoia ffigantra (giuit cyprnii), illuBtnkting the medullary ny>. b BmI, i CmD' 
bium, k Wood, ni Medullary r»y, t »/ Pits, g, 3', j', g' W(«d fibres, r Lignified 
wail of ume. I. and It. 30O timea enUrged ; 111. 1000 timea enlarged. 

layers in which the bast-cells have been transformed into bast 
fibres. These tissues all belong to a fibro- vascular bundle, and 
are cut across hy a branching medullary ray (m), which is readily 
distinguished, especially iu the wood, by the thinness of its 
cell-walls. The wood-cells boi-dering the meduUaiy ray fre- 
quently contain closed pits (s). In transverse section the cells 
of the medullary ray are seen to he four-sided, sometimes rect- 



angular. In the radial section (II.), 

cutting entirely along the ray, the relative positi 

cells and wood fibres is shown. In the iUustrati 



tudinal section 
ion of the pith- 
two 



points (m m) ut which the cells of the uicJullary ray and ihti 
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wood fibres come into communication bv means of various sized , 

pits. A third aspect of the medullary rays (m) is shown in III., 
which represents a longitudinal section made perpendicularly 
(tangentially) to the last, — i.e., cutting across the rays. 

In the trunk or stem the fundamental tissue may usually be separated 
into pith and cortex ; in other parts this is not possible. Thus, in the 
leaves, for example, the fundamental tissue is represented by a tissue 
termed mesophyU, which is uniform throughout, and is composed of 
more or less regular parenchyma cells containing chlorophyll (Fig. 335, 
IIL, p. 262). The carpels, the fruit, the stamens, all manifest special 
qiodifications of the fundamental parenchyma. The subject does not 
admit of any general treatment, and cannot be taken up here. 



7. — Tissues of the Eoot. 

Hitherto we have only spoken (pp. 277-297) of such tissues 
as enter into the composition of the stem or trunk. In the 
underground axis, the rooty the arrangement and relative position 
of fundamental tissue, and fibro- vascular bundles,* are, generally 
speaking, similar. There are, however, certain important dis- 
tinctions to be drawn, by which root and stem may easily be 
distinguished. 

In longitudinal section the point of a growing root is seen 
(Fig. 365, 1.) to consist of meristem (comp. p. 275), the youngest 
cells of which (the primary meristem) are situated at i i. From 
this point (the grotving point) the tissues have become differen- 
tiated upwards into the epidermis (e), the cortex (r), the vascular 
sheath (s), the vascular cylinder (pi), and the pith (m, II.). 
Downwards, the primary meristem (i i) gives rise to several 
layers of peculiar parenchymatous cells, which in the earlier 
stages of growth form a continuous tissue (A*), but later on (A«) 
become less closely connected with each other, and finally wear 
off one by one. This peculiar structure forms the root-cap or 
root'ShecUh, which serves to protect the growing point from 
injury as it forces its way downwards. At a later stage many 
of the cells of the epidermis develop into long hairs, the root- 
hairs (comp. p. 79). 

The primary meristem of the root becomes differentiated first of all 
into three layers, the dermatogen (c), the pertblem (r), and the plerome 
( pi). The first gives rise to the epidermis, the second to the cortical 
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x tissues lying within the bundle dieath («), 
In most roots the bundle sheath (t L) forms 
a sharp line of demarcation between the periblem (cortex) and the 
plerome. The moditication of the young pleronie cells into a vascular 




Via. 365. 



Root of Vicia Fnba. — I. Lon^tudiiul wction of growing point ; 300 tioM* 
enluged. II. TraDsvene aectiun tarcKt an older part of the root ; tOO timea 
enlarged. III. Uri|;iD of a Mcondar; root of Ipomaa, loogitudinal lectiaii ; 300 
timm enlarged, e Epjdsniui, r Cortei, * Bundle aheath, g Vaaoolar bnndle. fr 
Baat, m Medulla, t J Orowing point, i' V Root-capa, pi Plerome, p Pari- 
cambium, ( I Young meriatem i>f lecundvy root. (III. after Hnlle). 

bundle takes place in the following manner. The process diffiiiB from 
the corresponding process as it takes place in the stem. First, thero 
appear in the peripheral layers of the plerome small groups of vessels, 
which gradually increase in size, and spread inwards towards the 
centre of the root. There they finally unite, forming a three, four, 
five, or more rayed star {,7 II.). Itetwuen these groups of vessels 
patches of soft bast (b) are next formed after a similar fashion, so that 
in the fully <levolo])ed root we find portions of wood and of bast 
alternating. In roots which soon cease to inci'ease in thickness, the 
n'st of the plerome becomes transformed into permanent tissue ; the 
plerome cylinder is thus converted into a cylindrical (radial) bundle. 
Ill other cases the central portion of the plerome retains its paren- 
chymatous character, and forms a pith. In roots which attain con- 
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siderable thickness (turnip) a, true cambium layer appears, juat as in 
stems, between the xylem and the phloem portions of the plerome 
(which in this case lie directly behind eacli other), and from this 
layer woody fibres are developed on the one side, baat-fibres on the 
oUier. 

Secondary roots do not originate from the primary root, as do 
bntDches from the stem. They arise from the deeper tissues of 
the parent organ. Previous 
to the formation of a secon 
dary root, the cells of the 
pericambiom or outermost 
layer of the plerome di "A 

vide repeatedly (p t, Fig " ^ 

365, III.). The meristem 
thus formed gives rise to a 
protuberance on the side of 

the primary root, and, the / 

epidermis finally giving 
way, the new rootlet is 
enabled to push out into 
the surrounding soil. Fig 
366 represents such a root- ii„pati^ partiftcni 
let on the point of breaking (") ■"" enciowd in it 
through the corti»l layer '* '"• =:'«"'»»-•■'«»«*• 
The cells of the latter are polygonal in shape, small towards 
the surface (n), larger in the deeper layers (p). The bundle 
sheath (s) encloses four distinct fibro-vascular bundles (g) and 
the loose pith. The young rootlet (w), which is plainly seen 
to originate from the plerome, is just about to break through 
the outermost cortical layer. 

8. — Organs of Secretion. 
Under this term are included all structures whose physiological * 
function it is to store up certain materials within themselves, 
and, as is frequently the case, to discharge these E^ain as neces- 
sity requires. These materials are either destined to be of no 
further use in the economy of the plant, or have to he carried to 
its surface, there to fulfil new functions. The most important 
of these organs of secretion are the latici/erovs vessels, glands, 
glandular hairs, and the cajialsfoT theaecretion of givm and resin. 
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The latici/erova vessels are found in all plants wliich emit 
" milky juice " when wounded. Such, for example, are the 
dandelion (Tara:eaaim), the lettuce (Laduca tirosa), and the 
celandine (Chetidonium). The milky juice of dandelion and 
lettuce ia white, of celandine yellow. Laticiferous vessels are 
long and fi-e<|itently anastomose ; they occur in the phloem, the 
pith, and the cortex of roots and stems, but not in the xylem. 

Glands are small cavities, usually found immediately belov. 
ihe epidermis, which serve as reservoirs for oily or resinous 
substances. The oil glandg in the rind of the orange and citron 
are familiar. They merely store up the oil, without secreting it 
on the surface of the fruit. Similar structures for the secretion 
of gummy or resinous substances are found on the scales of many 
leaf-buds (comp, p. 17). 

Fig. 367 represents an oil gland from the young ovary of 
Mrtrosideros bitxi/olifi, a mj-rtaceous plant. It lies below the epi- 
dermis, in the fundamental poren- 
cliyma, which forms several 
close layers around it, the cells 
of which have granular contents. 
Within the gland is one large and 
several small yellow oil globules, 
besides other granular contents. 
Hairs may also function as 
ij- glands. Thus the multicellular 







■"a^*^?* ''^"^ °^ '''^ nectary of Ahtitilon 
■-^'«P (see Fig. .353. p. 280) serve to 



secrete nectar, which exudes from 
the uppermost cell. Oi^ns hav- 
ing a viscid surface {(.g., leaves) 
StSr.S-yib'AI'ri-.j.'; ■■■»% ™« 'W, property to the 
w»ilof thegUnii; ( Lftrgeiiilf-lobuU.; ]>reseuce of K fluid sccrcted I)V 
L c^.t^ ; . st...h gr^ui«. j-tandular hnire (comp. p, 79). 

Finally, inUrcelhitar cuiuih frequently sen'e to store up 
;,ummy and resinous secretions (comp. Fijj. .144, p. 273). Thus 
in the conifers, especially in the wood, four rows of cells frequently 
seiiaratc to form a passage, into which is secreted a quantity of 
clear viscid balsnm. When exposed to the air, this hardens int<t 
the well-known rcKvi. The fluid is originally formed in the sur- 
iininiliii^ wood-cells, autl iKumns into the resin duct by a process 
of diH'usion. 
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III.— PHYSIOLOGY. 
1. — Composition and Nutrition of Plants. 

The plant, as will already appear from the foregoing chapters, 
is composed of organic substances in which the elements oxygen, 
hydrogen, carbon, and nitrogen preponderate. These, we pointed 
out, may be broadly divided into carbohydrates and albuminoids ; 
the former are made up of oxygen, hydrogen, and carbon, the 
latter of the same elements, with nitrogen and a small and 
variable proportion of sulphur (p. 257). The carbohydrates 
(cellulose, starch, sugar, inulin) form the solid frame-work of the 
plant, and those cell-contents which sooner or later go towards 
the development of the .cell-wall. The albuminoids form the 
protoplasm and chlorophyll grains, i.e., those cell-contents in 
which are performed the two most important processes of 
vegetable life, assimilation and respiration. Besides these, there 
enter into the composition of the plant numerous inorganic 
substances, such as potassium, sodium, cdcium, various phos- 
phates, compounds of ammonia, silicic acid, &c. All these 
may be regarded as fairly constant constituents in vegetable 
tissues. Eestricted to certain organs or to particular species of 
plants, there are, however, numerous additional organic sub- 
stances, such as the alkaloids, which may serve definite ends, 
or may be regarded as mere excretions. 

The young embryo is originally composed of few cells, which 
multiply by division until the plant attains its full size. The 
increase in volume thus effected is the result of the assimilation 
of new matter by the cells. The utilisation of these substances 
implies the necessity for a supply of new materials to replace 
those that are used up. These the plant obtains from without. 

The nutritive materials on which the plant depends for 
support are either fluid or goMous. Those of the former class 
consist for the most part of water containing a small quantity of 
the above-named minerals in solution ; they are absorbed by the 
roots from the surrounding soil. The gaseous nutritive materials 
are carbonic acid and oxygen ; these are absorbed by the aerial 
parts of the plant (see Stomata, p. 283) from the atmosphere. 
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The Dutritive materials absorbed by the plant are elaborated 
in its tissues into new substances — andeigo transformation. The 
two processes most intimately connected with this transformation 
are respiration and aasimilaiii/ti. 

Id plants, as in animals, respiration consists in the absorption 
of oxygen and the liberation -yt carbonic acid. The sabstances 
to be oxidiaed are the carbohydrates and fats which occur in 
protoplasm, and the non-nitrogenous products of the decomposi- 
tion of the latter. That the nitrogenous parts of the albuminous 
substances are not likewise lost by oxidation, is evident from 
the fact that the sole product of respiration is carbonic acid. 
It further appears that respiration involves a considerable loss of 
oi^janic substance, which must be compensated for in the coarse 
of assimilation. Assimilation, however, is closely connected with 
respiration, for it is by the process of oxidation that the chemical 
equilibrium of the organism is disturbed, and the molecular 
movement, forming the essential feature of what ts called life, 
generated and maintained. Oxidation is indeed a source of 
loss to the products of assimilation, but it is at the same time 







the source whence is derived tlie energy which renders assimila- 
tion possible. We are thus enabled to understand how organs 
characterised by rapidity of gi'owth {e,y,, germinating seeds, 
flowers) always exhibit great respiratory activity. 
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The liberation of carbonic acid gas in the process of respiration may 
be easily demonstrated, especially in such parts as are not coloured 
green, and accordingly do not assimilate ; since in these the process 
of respiration is not concealed. Fill a Florence flask (Fig. 368, a) 
with moist germinating seeds of the bean ( Vtcia Faba), and connect 
it with a cylinder containing quicksilver (c) by the air-tight tube (6). 
The lower end of the cylinder must be immersed in the quicksilver 
contained in the vessel d. In a short time air-bubbles will be seen to 
rise in the cylinder and gradually displace the mercury. The explana- 
tion is as follows : — The seeds find in the vessel a small quantity of 
oxygen, and themselves contain in addition a quantity sufficient for 
the continuance of respiration for some time. Carbonic acid is accord- 
ingly given off, passes through and accumulates in the cylinder. Its 
presence may there easily be detected by the introduction of a piece of 
caustic lime, which instantaneously enters into chemical combination 
with the carbonic acid, and forms carbonate of calcium. The gaseous 
residuum is almost pure nitrogen. 

Assimilation is a process essentially different, and even, as far 
as iQtimate results are concerned, absolutely opposed to that of 
respiration. It consists in the absorption of carbonic acid, and 
its combination, in the chlorophyll grains, with the elements of 
water, the results being the formation of carbohydrates and 
the liberation of oxygen (see p. 282). Whereas the process of 
respiration is carried on in all parts of the plant, both during 
the day and during the night, the process of assimilation is 
confined to the chlorophyll gmins, and only take? place under 
the action of direct or reflected sunlight (see below). 

The absorption of fluid substances is effected (water-plants 
forming a partial exception) by the roots. The water thus 
absorbed contains various inorganic substances — e.g,, acids and 
salts — in solution ; these partly belong to the water itself, partly 
to the surrounding soil, from which they are extracted by the 
root-hairs in a manner hitherto unexplained. The water passes 
into the interior of the plant by a process of diffusion. The 
constituents of the cell-sap differ in different cells, and the ten- 
dency of diffusion is to equalise these differences. When a cell 
is completely filled with fluid, and, by diffusion through the 
membrane, water enters that cell, its wall is subjected to a cer- 
tain amount of pressure. If that pressure be greater than the 
pressure within the other cells, the first cell swells up, or becomes 
turgid. A tissue is said to be in a state of turgescence when 
pressure similar to that above described is exerted in all its cells. 
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All growing parts of plants are tui^scent, withered parts are in 
a state of collapse. 

A state of turgeecenca may be caused in withering ahoote hy forcing 
water into their cella. This may be demonatrated by the following 
experiment : — The end of a drooping shoot (c L, Fig. 369) is inserted 
in a suitably perforated Jndiarubber stopper. Iliis is fastened into a 
bent tube (a, b) tilled with water in the manner shown in the cut. The 
tube being fixed in an upright position by the clip (e), a quantity of 
mercury is poured Into it by means of the funnel d. The mercnry 
thus occupies the log/ (IL), the water the leg b. The latter exercises 
a certain amount of pressure on the water in contact with the cut end 
of the shoot ; this pressure varies according to the difference between 
the level of the mercury in / and the level of the mercury in g. The 
water in Ii is forced into the cells of the shoot, which, in the oonne 
of a few seconds, begins to erect itself while its drooping leaves again 
become turgescent. 




Fia. 369. 

Apparatus for ahowing huw withering ihcnte tnmy b« 

rendered torgeacent by ftrtificiftlly forcing mter into thdr 

Water passes from one part of the plant to aoother in the 
following manner : — One cell, or group of cells, absorbs the 
water from those in its immediate vicinity ; these in turn draw 
upon deeper layers, and these again on deeper layers still, until 
at length the roots have to make good the total absorption from 
the soil. Water is absorlred by all parts of the tissues in tlie 
same way. 

Besides the water thus taken up for the nutrition and growth 
of its tissues, the plant has need of a further supply to make up 
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for the loss effected by eeaporaiion or tranepiration. Most plants 
have a great extent of surface — e.g., trees, with their countless 
leaves. Now, the greater the surface the greater the loss of 
water by evaporation, especially if the atmosphere is dry, and 
the temperature high, as in strong sunshine. This loss is made 
up in the same way as that required for growth, except that 
the transference of the water to the evaporating surface is 
effected by the xylem portion of the fibro-vascular bundles only. 
Id both cases, therefore, the water depends for transference 
on the absorptive powers of the plant, the simplest proof of 
which lies in the fact that a twig, if cut from the parent plant, 
will, if placed in water, cover the loss caused by transpiration 
from its leaves by absorption from the surrounding water, a case 
in which there can be no question ot pressure on the tissues. In 
such circumstances many plants will even continue to grow, the 
necessary supply of water being likewise obtained by absorption. 




Fro. 370. 
Appantua for demonBtrating root-preunre. 

Besides the ordinary process of absorption, water is also taken 
up by the root by the method known as root-pressure. 
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The force of the loot-pressuie may be demonstrated by cutting acroes 
the stem of a young growing plant (a, Fig. 370) a little way above 
the ground, and fastening over it, by means of a piece of indiarabber 
tubing, a wide glass tube (b) provided with a stopcock (c). The mano- 
meter /en' ia then inserted at the opening d, and there made fast by 
means of an indiarubber stopper. The narrow tube of the manometer 
is supported by the stand g. The stopcock c being opened, distilled 
water is poured in through the funnel above, imtil it fills nefdXo 
above e. Mercury is then poured into the tube n' till it reaches the 
level e in the wide part of the manometer, a corresponding quantity of 
water being thereby displaced at c. The stopcock is then closed, and 
the apparatus left to itself for a time. The cut surface of the stem a 
is covered over by the water in 2», which lies in immediate contact with 
the mercury of the manometer ; if care has been taken, the appazatos 
should not contain a trace of air. If the soil surrounding the plant a 
is moist, the mercury in the tube n' soon begins to rise, and, in the 
case of many woody plants, continues doing so until the difference 
between e (n) and n' equals a pressure of half an atmosphere, or a 
column of mercury about 380 mm. high. In some instancea the 
column of mercury may be as much as 760 mm. high — that is to say, 
by root-pressure a stream of water is forced up through a, capable of 
displacing a column of mercury many centimetres in height 

Organic matters in solution pass from tissue to tissue in the 
same way as water. The carbohydrates — ^starch, for example — 
leave the cells in which they are stored, as a soluble sub- 
stance (dextrose), and pass to other parts, where they are utilised 
in the formation of new tissues. On the other hand, the starch 
elaborated in the chlorophyll grains of woody plants in early 
autumn leaves the green parts, and passes through the par- 
enchyma cells of the cortex to the medullary rays (p. 295) of the 
trunk, where it is stored up over the winter in permanent fonn. 
As soon as the period of growth returns, it again becomes 
soluble, and passes out as dextrose to the developing buds. The 
proteid substances from the leaves appear to pass inwards 
through the soft bast 

2. — Growth and its Conditions. 

By growth is meant increase of volume arising from an 
internal cause, the formation and enlargement of the cells 
constituting the various tissues of the plant. As a rule, 
growth depends both on internal and external conditions. Of 
internal conditions we have already had abundant examples in 
such processes as those already considered, upon the normal 
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and hannonious working of which the further development of 
the plant depends. The internal processes of the vegetable 
organism are maintained and regulated in accordance with 
certain external circumstances. Granted that the plant is so 
developed as to be capable of performing the functions of 
respiration and assimUatipn, the extent to which these functions 
are carried on depends on the influence exercised by temperature, 
light y gravitation, and other local external circumstances. 

(1.) Temperature, — The influence of temperature is one of very 
great importance to the plant ; it can never rise above a certain 
maximum, nor fall below a certain minimum, without its rise 
or fall being followed by the most injurious results. Vegetable 
life cannot be maintained at a temperature above 50*" C. on 
the one hand, or below 0° C. on the other. The mean temperature 
differs of course for each plant, or at least for the plants of 
different climates ; in general, it corresponds to the mean annual 
temperature of the plant's habitat 

To cite a few examples, the young root of the maize attains its 
maximum late of growth at 27*2° C, that of the pea, wheat, and 
barley at 22*8° C. If the temperature falls below this optimum 
growth is immediately checked, continued exposure to the same 
degree of cold finally resulting in the death of the plant In like 
manner subjection to a temperature much above the optimum results 
in almost immediate death. The death of plants from exposure to 
too low or too high a temperature depends essentially on the amount 
of moisture they contain. Dry seeds, for example, can stand a much 
higher or much lower temperature than soft fleshy ones, the former, 
it would appear, even being capable of bearing the most extreme 
degrees of cold without injury. Thus dried peas are capable of stand- 
ing a temperature of + 70** G. for over an hour without losing their 
power of germination, whereas the same seeds, if made soft by soaking 
in water, become useless if subject'Cd for a like length of time to a 
temperature of 54°-55*' C. 

The periodic growth characteristic of our perennial plants is 
the result of periodic differences in temperature. In them 
growth is most rapid in spring, diminishes gradually as summer 
advances, reaches a minimum in autumn, and in winter ceases 
altogether. This periodic growth is marked by the formation 
of annual rings. These arise from the fact that in the woody 
part of the fibro-vascular bundles the wood-ceUs formed in 
spring (/, Fig. 371) are larger than those formed in autumn 
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(h), A shaip line of demarcation is thus formed, dividing the 
cells of one year from those of the one preceding. 

(2.) Light — Apart from the thermal effects above referred to— 
which are always more or less combined with those of light — 

light influences plants with 
either chemical or mechanical 
results. The chemical effects of 
light are to decompose, modify, 
or cause to enter into combina- 
tion certain substances found in 
vegetable tissues ; for instance, as 
in photography, chloride of silver 
is decomposed by its influence. 

This chemical action causes the 
assimilation of carbonic acid, and 
accordingly the production and 
destruction of chlorophyll. As- 
similation, i,e., the union of car- 
bonic acid and water so as to 
form a new organic compound, is 

Formation orthe'Innualrmg in a exclusively dependent On light 
three - year - old pine trunk (Pinua Plants do not assimilate in dark- 

ness, but only under the influence 
of light, particularly of direct 
sunlight. The more intense the sunlight the more actively 
does assimilation go on ; the process is mostly effected by means 
of the yellow rays. 

Chlorophyll is elaborated from a yellow colouring matter, 
etiolin. Plants grown in the dark are not green, but yellow ; 
they contain only etiolin, no chlorophyll • Plants in this con- 
dition are said to be etiolated. If an etiolated plant be exposed 
to daylight or direct sunlight it will become green — very rapidly 
in the latter case. Under the action of light the etiolin has 
been transferred into chlorophyll, and the process of assimilation 
can now for the first time take place. The green colour iB 
developed most rapidly in the strongest light rays (yellow 
to orange). Eespiration increases with the intensity of the 
light, but the chlorophyll having the power of absorbing the 
strongest rays, the activity of the process of respiration is con- 
cealed by that of assimilation. 



Fio. 371. 



tilvestria),—/ f Wood-celU formed in 
spring ; h h The same formed in 
autumn ; 600 times enlarged. 
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The destruction of chlorophyll by light is not a normal but 
an abnormal occurrence. 

The most important mechanical eflfect of light on plants may 
be very briefly explained. Upon the growth of all parts of the 
plant appearing above-ground (stem, leaves) light exercises a 
retarding influence; the growth of aerial roots, and in many 
cases of subterranean roots likewise, is also in a great degree 
affected by light. When only one side of a stalk is exposed to 
sunlight, growth takes place more actively in that side of the 
stalk which is turned from the light, than in that which is 
turned towards it ; the stalk is therefore bent towards the light, 
showing positive heliotropism. In roots, on the other hand, 
growth is most rapid on the side next the light ; roots therefore 
are bent from the light, showing negative heliotropism. 

Every one is familiar with the phenomenon of plants bending 
towards the light, when light reaches them only from one side. A seed- 
ling pea, for example, if placed in a window, soon begins to bend over 
towards it The side of the stem turned to the window receives a 
laiger share of sunlight than the other, and accordingly grows more 
slowly ; the curvature of the stem is the result of this inequality of 
growth. The movements of the leaves of many plants are to be 
attributed to the fact that the light exerts a stimulus at certain points, 
whereby the tension of these parts is altered, and the tension of the 
whole tissue accordingly becomes unequal. ' 

To sum up generally the effects produced on assimilation and 
growth by light — by day assimilation proceeds rapidly, growth 
is feeble ; by night growth proceeds rapidly, assimilation ceases. 

(3.) Gh^avity. — It is a well-known fact that the stem of the 
plant grows perpendicularly upwards, the root downwards in an 
opposite direction. The long axis of the plant, if prolonged, 
would pass through the centre of the earth. This is due to the 
influence of gravitation on the growing parts. If a seedling pea, 
when about 10 cm. long, is laid along the ground in a horizontal 
position, the parts already grown wiU retain this direction, but 
the growing tip of the root will push downwards, the growing 
tip of the stem upwards. The tendency manifested by the root 
to grow towards the centre of the earth is termed geotropism. 
The root is positively ^ the stem negatively geotropic. 

The following experiment serves to demonstrate the influence of 
gravity on the growing root and stem. Let a seedling pea, roots 
included, be placed in a horizontal position in a glass vessel contain- 
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ing enough moistoie to keep the plant aUve under oidinaiy dicnm- 
stances for some time. The vessel must then be attached to the 
circumference of a horizontal disk, kept constantly rotating at a rapid 
rate, in such a manner that the long axis of the }:dant will lie in the 
direction of the tangent If the disk be kept rotating at a sufficiendy 
rapid rate, the root tip will grow outwards, the stem tip inwards (t.e., 
towards the centre), in the direction of one of the radii of the disk. 
The experiment may be still more successfully perfonned if the disk is 
placed in a vertical instead of a horizontal position, so as to imitate 
more doeely the ordinary conditions of gravitation; the tip of the 
stem then grows straight towards the centre of rotation, the root in 
the opposite direction. 



PART V. 



THE LOWEB PLANTS. 

It is not the object of the following pages to make an exhaustive 
examination of the peculiarities of the lower forms of plant life, 
but only to treat of them so far as is necessary satisfactorily to 
complete a general survey of the vegetable kingdom. We shall 
therefore deal more particidarly with such groups as serve to 
show the connection between one form and another, while others, 
of less importance in this respect, will either be treated of very 
shortly, or entirely omitted. Within the last few decades, 
science has made such rapid strides in this department, and such 
a quantity of interesting materials has been amassed, that it 
would be altogether beyond the scope of a text-book like the 
present to attempt to discuss the subject fully. The microscope 
has revealed to us a world of minute organisms, wherein we may 
contemplate every stage of life from that of the undifferentiated 
mass of protoplasm upwards through organisms of all degrees of 
complexity of structure. To research of this kind it is that we 
owe our present knowledge of the complicated processes of life 
as carried on in the highest vegetable oi^ganisms. Especially is 
this the case with regard to the subject of sexual reproduction. 
Whereas in the higher plants this process is universally carried 
on in the same manner (comp. pp. 162-177), in the lower plants 
it assumes many different forms. By comparative researches, 
pursued on a more or less extensive scale during the last twenty 
or thirty years in connection with the subject of reproduction, 
more particularly of reproduction as it occurs among the lower 
species of plants, it is now possible to trace the life-history of 
the most complicated organism in the progress of its development 
from the single celL 

The following table is intended to give a general view of the 
leading vegetable types, with two of which, the monocotyledons 
and dicotyledons (pp. 101-161), we are already familiar. . 
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1. Pbotopbttis. 



2. FuNOL 



3. Algje. 



General Survey of the leading Types of the Vegetable 

Kingdom. 

I. Eeproduction by unicellular spores, without 
embryo and cotyledons; in every case with- 
out flowers. Cryptogamia. 

A. Vegetative body compoeed solely of parenchyma 
cells (without vascular bundles) ; not divided 
into stem and leaves, but homogeneous {Tludlui). 
Cellular plants, Thallophyta, 

a. Sexual organs mostly wanting; reproduction 
proceeding by division, budding, or spore- 
formation. Mostly single-celled organisms, 

h. Sexual org^ans usually present, represented by 
two locally separated cells. 

* Without chlorophyll, therefore not coloured 
green, very seldom living in water ; body 
consisting of hyphte, .... 

* • With chlorophyll, or with yellow, brown, or 

red colouring matter allied to chlorophyll, 
almost all living in water ; not consisting 
of hyphal tissue, 

B, Body consisting of parenchyma tissue and vas- 
cular bundles (the latter occasionally veiysimple), 
almost always possessing differentiated stems and 
leaves. 

a. Vascular bundles imperfect, vessels unde- 
veloped. Reproduction proceeds by anther- 
idia and archegonia. The fertilised em- 
bryonic cell in the archegonium develops 
into a capsule (sporogonium) containing the 
spores. {Mu9cin€<r.) 

* Capsule without calyptra, dehiscence by 
valves, without columella, without hood ; 
producing spores (mostly accompanied by 
elaters). Plant either a thallus, or having 
difiisrentiated stem and leaves, 

* * Capsule dehiscing by a lid, columella 

present, producing only spores. Differen- 
tiated into stems and leaves, . 
6. Vascular bundles (also epidermis) well de- 
veloped, the former with developed vessels. 
Reproduction carried on by antheridia and 
archegonia, growing on a thaUus-shaped body, 
the prothaUium, The fertilised embryonic 
cell in the archegonium develops into a 
larger body (sporophure), bearing leaves to 
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CHARACTER OF CRYPTOGAMS. 
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which the sporangia or capsules containing 
the spores are attached. Vascular Crypto- 
gwm {Femif <lre.). 

* The sporangia are attached to the edge or 
to the under side of the frond (frequently 
metamorphosed), and produce only one kind 
of spore. Fronds always leaf -like, 
The sporangia are arranged so as to form a 
spike at the apex of the stem, and produce 
only one kind of spore. Stem composed 
of a number of cylindrical or angular 
joints, 

* The sporangia are arranged so as to form 
capsular structures in the vicinity of the 
rout, or are there concealed within a frond. 
They produce two kinds of spores, . 

* The sporangia are situated at the base or in 
the axils of small, ill-developed leaves ; the 
latter are often arranged so as to form a 
kind of spike at the apex of the shoot ; they 
produce two kinds of spores, . 

II. Keproduction by means of multicellular 

seeds, which contain an embryo consisting 

of ladicle, plumule, and cotyledons : the 

seeds are produced in flowers after previous 

fertilisation by pollen. Phanerogamia, 

A, Flowers without floral envelopes. Seed not en- 
closed in an ovary. ArchUpervM, 

B, Flowers with single or double envelope (seldom 

suppressed) and true ovary. MeUuperms. 

a. With one cotyledon; vascular bundles scat- 
tered, closed; venation parallel; flowers three, 

rarely four, parted, 

With two cotyledoHM; vascular bundles arranged 
concentrically, open ; venation reticulated ; 
flowers mostly five or four parted, 



6. Ferns. 



7. Horsetails. 



b. 



8. Rhizocarps. 



9. CLUBMOSSBd. 



10. CONirERS. 



11. MONOCOTTLEDOMS. 



12. DlCOTYLKOONS. 



A. CRYPTOGAMS, OR FLOWERLESS PLANTS. 

In the cryptogams or flowerless plants reproduction takes 
place by means of spores, A spore is a minute, mostly micro- 
scopic, cell, surrounded by a single or double envelope, and 
filled with protoplasm. Except in the case of the Protophyta, 
the spore is the product of sexual conjugation, and is either 
directly originated by that act, or, as mostly happens, is borne 
on a fructification (often of considerable size) formed from the 



314 CRYPTOGAMIC PLANTS. 

fertilised female cell (embryonic cell). Spores are entiiely 
destitute of an embryo (comp. p. 78) having plumule, radicle, 
and cotyledons. Plants in which reproduction takes place by 
means of spores never bear flowers, in the ordinary sense of that 
term. They either consist entirely of parenchyma tissue, or of 
fundamental tissue and fibro- vascular bundles; in the latter 
case the fibro-vascular bundles generally occupy the centre of 
the stem. 

First Series. 

Thallophytes, or Cellular Plants. 

The Thallophytes are distinguished by the entire absence of 
vascular bundles. The vegetative body consists either of a 
single cell, or is made up of several or many ceUs. If multi* 
cellular the plant is composed of uniform or tolerably uniform 
parenchymatous tissue ; highly differentiated systems of tissues, 
such as are met with among the higher plants (comp. p. 277), 
are never present. This simple form of vegetable structure is 
known as a thallvs, Beproduction is effected by very different 
means in different types; it may take place asexuaUy (by 
division or by budding) or sexucUly. In the latter case the two 
sexual organs ( S and $) are represented each by a single cell, 
the contents of which become wholly or partially blended. 

Formerly the Thallophytes were divided into AlgcBj Fungi^ and 
Lichens, but recent dlBcoveries have shown this division to be no 
longer tenable. Lichens are now known not to be iadependent 
organisms, but are a union of two different forms of vegetation, 
AlgsB and FungL The latter arc parasitic on the former, and so 
closely is the life of the one bound up in that of the other, that we 
cannot wonder at their being for long regarded as a disiinet class of 
plants. Fungi and AlgsB may be best distinguished from each^ther 
by the absence or presence of chlorophyll ; all cellular plants con- 
taining chlorophyll are Algse, aU without chlorophyll are FungL 
The Algse are accordingly plants capable of independently assimilating 
like the higher plants, while Fungi, with few exceptions, live on 
substances already assimilated. 

Type I. 

Protophyta. 

The Protophyta are the simplest of all vegetable organisms. 
They are mostly unicellular, but when reproduction takes place 
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by means of cell-division, the daughter-cells frequently remain 
united and form filamente, tissues, or masses. Except pos- 
sibly in the Myxomycetes, sexual organs have not as yet been 
discovered in the Protophyta ; reproduction takes place either 
by simple cell-division, by budding, or by spores. Certain forms 
of the Protophyta possess chlorophyll, and are 
accordingly sometimes classed as Algse ; others are 
destitute of chlorophyll, and correspond more to 
the fungi The former are unimportant; of the 
latter we shall mention three orders : — 

(1.) Schizomycetes or Baderia. — Minute uni- 
cellular organisms of globular (Fig. 372, IV.), 
rod-like (II.-III.), or filiform shape, sometimes 
ciliated (comp. p. 269). They are usually uni- 
cellular, but multiply by division, after which 
the young ceUs frequently remain attached, and 
form colonies (Fig. 373). *'"'■ "^ 

SpiriStini vUv- 

Bacteria bve in stagnant and putnd fluids, aleo in tam {Bhmi- 

diseased animal organs. They always appear in lai^ twj) ; IL Ti- 

nambera. According to the effects produced by these ^^i - ?Jj 

oiganisms in the substance in which they live, they Baritriun Li- 

are divided into pigment, ferment, and paihogenout neola (Cohn) ; 

bacteria. The first, when exposed to air, impart to IV. ifieroeaectu 

the Burroundinjr fluid particular coloure {red milk); frT?'',''*'''™ 

the second give nse to fermentation (see below), even ^,0,, onUnnd. 

when the oxygen of the atmosphere is excluded ; the (After CuhiL) 
pathogenous bacteria accompany or cause infectious 
diseases, such as diphtheria, typhus, phthisis, smallpox, 
and splenic fever. GKsmA—Mieroeoeeus, Hat^erium, 
Baallw, •SarciJia, Beggiatoa, Spirillum, ^c. 




(2.) Saccharomycetes or Yeast Fungi. — These 
are likewise unicellular oi^nisms, of roundish, 
elliptical, or elongated shape (Fig. 374). Ke- 
production takes place by budding, and by in- 
ternal division. The procesa of reproduction by ^^j^^^^. 
budding is as follows : — At one end of Uie yeast- iam from the 
ceU a bud (III. a), more rarely two (IV. a h), ^^^^l^J^' 
is formed, which gradually increases in size, 
and is finally separated from the parent cell by a transverse 
partition. The same process is then repeated in the bud. 
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The buds frequently remaia attached to each other and form 
colonies. When reproduction takes place by internal division 
the contents of the parent cell divide into two, three, or four 
portions, each of which assumes a rounded form and develops 
a cell-wall. When the wall of the parent cell finally gives 
way each segment develops into a new yeast plant, which 
multiplies by budding. Budding is the result of a super- 
abundance of nutritive material, the latter process of the 
lack of it. 

Yeast fungi are the cause of alcoholic fermentation. The beer 
fungus ia Saecharomi/cesceTeciMte (Fig. 37i,l.-J v.); that of wine. 
S. tllipsoideua (also S. apicuUUtu and 
S. Pagtmrianus). In fermentation 
the sugar of the nutritive fluid is 
transformed by the fungi into alcohol, 
carbonic acid gas being set free dur- 
ing the process. Chemists are dia- 
agreed as to whether or not fermen- 
tation takes place only when free 
oxygen is present. 

Another species of yeast plant, 
ScKcharomyces Mycoderma (Fig. 374, 
v.), is not an ordinary ferment, but a 
true mould. It grows on the surface 
of stale wine or beer, and, in contact 
_ with atmospheric oxygen, transforms 

fungi (Saeelianmyft tmritiie, the alcohol of these Hquora into 

^;si' ■'r^trr*;! '""b"- to thu da., ^ bei„„gs 

rodemia (Rmi), 1000 tiin« en- Soccharomytes albicans, which causes 
'*'*^- the disease known as tlirush. The 

saccharomycetes were formerly regarded as degenerate fomxs 
of higlier plants ; it now seenLs probable, however, that they are 
really independent organisms. 

(3.) Myxomyutes or Mycetozoa.—T^e, mature organism forms a 
large fungus-like body, the sporangium, in which are produced 
numerous spores. In the process of germination the contents 
of each spore pass out, and exist for some time as a naked mass 
of protoplasm, containing vacuoles, and exiiibiting ameboid 
movements. It is possessed of the power of locomotion, can push 
out ]>seudo]x>dia from any part, and in all respects closely 
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Tesembles tm Amceba. In thia stage the oi^nism is known as a 
myxamoiba. Later on, a number of myxamrebfe unite to fonu a 
large slimy mass (plasmodium), which moves about in the same 
manner as a single myxamoeba. Finally, the Plasmodium be- 
comes hardened, and fonns sporangia, in which the spores are 
formed ; these are of considerable size. 

The myxomjcetes live on decaying v^tation in woods, hothouses, 
&c A comnioa species is jSlhalium aejitieum. the plasmodia of which 
frequently attain a considerable size. 



Type 11. 
Fungi. 

The thallus of fungi is composed of Aliform branching threads 
or hypha, densely interwoven with one another into a body 
termed the mycelium. The hyphee contain neither chlorophyll 
nor starch. Fungi, accordingly, cannot assimilate, but absorb 
organic matter from the substances on which they live ; they are 
therefore parasitic. The mycelium is usually aubterranean, or is 
hidden in the tissues of the plant on which the fungus feeds. 
The part commonly considered the whole fungus is in reality the 
fructification which arises from the mycelium, and appears above 
the surface of the soil. Fig. 375, 1., represents the fructification of 
the mushroom. At the lower 
end are numerous iibrous 
threads (m), part of the my- 
celium taken from the soil and 
washed clean. 

In fungi reproduction takes 
place sexually and asexually ; 
it is probable, indeed, that 
sexual prop^ation occurs in 
all forms of fungi, but in many 
it has not as yet been clearly 
made out 

Sexual propagation is eEFected n. F^otificju™ almow matu«; c Stalk ; 
'^ .'^ ° ,, ... r Kng ; ft Filena ; fr GlU» -, Mt aise. 

by means of two cells, which are 

of different sex — a germ-cell (9), and a »perm-cell ($). The latter 
generally produces apermatozoids (see below), which penetrate the 
germ-cell where the contents of the two mingle, and the process 




Fio. 376. 
Agaricui mnpcttru (muBhroom). - 
Vonng fructification, with mycelium 
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of fertiliaadon is complete (comp. p. 168). The product is 
either an ootpore, which either develope directly into a new 
plaot, or sometimes Bist prodoces swarm-apores (Saproletfni- 
aeeee, Peroiuaporta), or it is an 
imperfect or a perfect ftuctifica- 
tion (reeeptacW), which bears the 
spores. 

Another mode of reproduction, 
very common in certain Ateomjf- 
cetes, is that which is effected by 
the formation of eonidia. This 
mode is purely vegetative, not 
sexnaL 

Reproduction by the formatioii 
of these bud-spores or eonidia takea 
place as follows : — The myceUam 
or T^etative body of the fungos 
gives off upright branches (IV. T., 
Fig. 376). Thetipsoftbebnnchea 
thus formed, each bud off a chain 
of cells {», conidia\ which fall off 
one by one (L). Under favourable 
conditions these germinate and fonn 
' new mycelia, the cell-wall giving 
it the way BO as to make way for the 
protrusion of the delicate hypha 
(m, IT. lU.). 

Fungi are found in the most diverse situations. Many grow on the 
soil (of forests, &c.), from which they absorb decaying organic matter. 
Others form their mycelium in the trunks of living trees (Fig. 377), 
and many, especially the smaller forms, 
live on leaves, fruit^ and other v^etable 
organs. Certain fungi live on human 
and animal tissues, — e.g., Cordieept ii 
parasitic on the larvs of insects, Bo- 
tryti* Btueiana on the silk-worm, caoa- 
beeSi ti^Tn**-*'^^ «"■<"/ ^^ ^^ muacardine disease; Aehorion 
Sch<enleimi is foand on the roots of 
human hair, causing a yellow scurf. Many specios live on and in 
decaying substances, — some even are parasitic upon other fungi (Cha- 
lodadiutn Jotutii absorbs its nourishment from the filaments of a 
mould). 

Many fungi are charact«rised by what is termed aUemation o/ jftit»- 
ratioM, a subject of which we shall have mora to say later. 
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Orders of Fungi. 
I. Hfphffi of the mycelium delicate, mostly uni- 
cellular, and not divided by tnusverae 
partttiona Sexual cells homogeneous or 
heterogeneous; sexual product an oospore, 1. pHTcoHTORn. 
II. Hyphse stronger, multicellular, divided by 
tranaverae partitioaa. Sexual cells hetero- 
geneous. Sexual product generated on a 
fructification or receptacle. 

A. Spores formed bjr the ends ot tlie niyoeluU 
threads UTknged in » chain, and inde- 
Bnite in number, .... 2. Htpodimix. 

£. Spom different tn>m the foregoing. 

1. Spores mually right in nninber, con- 

tained in a motber-Mll (runu), S. AaooMTOmn. 

2. Spore* borne in gnmpa of four (rarel; 

two) at the end of » dub-slu^ied mil 

(baiidium.) 1. BAatDIOiiTOKn& 

(1.) Phyeofnycetas. — Small, mostly mould-like fungi, with a 
peculiar mode of reproduction. The two sexual cells either 
(1.) by conjugation generate a zygospore directly capable of 
germination, and arising by the cutting off of a 
portion of each cell, and the blending of the 
contents of the two segments thus formed, or (2.) 
the globular germ-cell is penetrated by a tubular 
process of the spermatic cell, and so fertilised 
{Peronosporea:). 




To this class belong the Saprolegniaaim and 
Peronotporem. The former are parasitic on animals, 
the latter on plants. Perono$pora infesiane, the 
potato fungus, causes the well-known potato disease. 
It forma on the under surface of the potato leaves, 
and has the appearance of a fine mould. Its colour- 
less lilBments (the mycelium) penetrate the tissues 
of the leaf, which withers all round the parts p,o, ^j^_ 

affected. It thus gets dotted over with small brown Winter-ipore* of 
specks,' which increase in size and number, until UredinM. t. Pw 
&ially the whole plant loses its green colour and •>'>>«> Antmuna. 
diee. The numerous spores generated by the fungus J^ ^*3oo"'ti'"* 
are carried by the winrl to sound potato plants, enUiged. ** 

which thus become infecl^d. The mycelium lodges 
over the winter in the tubers, and may thus spring up on the plants 
of the following year. No effectual means have yet been discovered 
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for Btamping out this tronbleBome fungua. Potato disease fint 
appeared in Gennany in 1830, and in 1845 made t«rrible bAvoc. 
Since then its ravages have been considerablj lessened. 

(2.) Hypodermia. — The spores are fonned by constriction at the 
end of the mycelium filament. Kuclei appear equal in number 
to the spores to be produced, after which definite walls are 
formed, and the spores thus generated assume a rounded form, 
and fall off. All fungi of this class are parasites, the mycelia 
of which often grow for years on the same plant; they are 
the cause of most of the diseases to whicb plants are anbjecL 
Two families. 

(1.) UsTli.AOlNRS. — Tillelia earieg ("smut" of wheat), Vitilago 
Oarho {"smut" of oats and barley), Polyeystu occulta (pansitic on 
rye^iaw) 

(2 ) Ubbdine^ — The Uredineie are commonly found close under 
the epidermis of living leaves and stems. Their method of repio- 
duction is characterised by what is known 
as alternation of generations. The first or 
vegetative generation produces two kinds 
of spores,— eummer-apores {Uredtmpor^) 
and winter-spoies {Teleutoipom, Fig. 
378). The former germinate immediately 
after their appearance, the latter are 
formed in autumn, and last over the 
winter. On the pro-mycelium of th« 
teleutospores conidia become developed; 
theee germinate into an extensive myce- 
lium, the .JSn'dium stage. On thia 
(probably sexually) chains of lecidioKportt 
are formed, which germinate (usually on 
another host), ultimately becoming urado- 
spores and teleutospores. The various 
stages of development were formerly taken 
for different species of fungi 

To this class belong the familiar 
Com Mildew (Puerinia graminit), the 
.^Gcidium form of which (^eidium 
berberidit) is parasitic on the leaves of th« 
barberry, Bcegtelia eaneeUaia (Teleuto- 
spores found on Juniperua, j^cidia on 
._ u, uid *^^ leaves of the pear-tree), Pkrag- 
uci of Pniia aMTaniium; SOO mxdiwm (found ou loee aud blackber^ 
timea enluged. For expUoktion leaves, i&c), Endophylltan teaipnrivi (on 
■^ *«*'■ the leaves of Sempervivum). 

(3.) A»coviycetea. — The Ascomycetes form their spores in 
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special laother-cells (asci), which grow together in numbers, 
and form a hymenium. Between the asci are unicellular or 
multicellular hairs (paraphyses, k, Fig. 379), 

In Fig. 379 we have the asci of Peziza aurantium. The lower part 
of the figure {sp) represents a small portion of the hymenium. 
Arising from this are a number of thickened filaments (A;), filled 
with red granules (paraphyses, /) ; between these are three asci (a) 
showing the spores in various stages of development. The ascus 1 
contains only protoplasm, in which are eight nuclei, developed by 
continued division from a single primary nucleus. The protoplasm is 
almost entirely concentrated at the top of the ascus, that remaining in 
the lower part only forming a thin coating on the inner wall The 
nuclei soon arrange themselves in regular order (see Fig. 379), and 
become surrounded each by a portion of clear protoplasm, and enclosed 
by a membrane (see free cell-formation, p. 269). The membrane con- 
tinues to increase in thickness, and forms at length the wall of the 
spore. Later on the spores are liberated by the rupture of the wall of 
the ascus. 

Families of Ascomycetes, 

I. Asci naked, not enclosed within the receptacle, i. Gymkoasci. 
II. Asci enclosed. 

A, Without firm hymenium. Mould-Uke fungi, 2. EbtsipbkL 
jB, With firm hymenium. 

a. Beceptade a funguB-Uke body, opening 

by a pore, 3. Ptbxnomtoitbs. 

b. Receptacle not opening by a pore. 

* Hymenium situated on the receptacle, 

which appears above the soil, 4. Disoovtoetss. 

** Hymenium formed on winding pas- 
sages in the interior of an imder- 
ground fructification or receptacle, 5. TcberaobX. 

1, Gtmnoasci. — Protomycea (in vegetable stems), Gymnoascus (on 
horse dung). 2. Eristphei. — Erysiphe^ the conidia form of one 
species of which, Otdium Tuckeri, forms the well-known vine disease ; 
Eurotium [the conidia-bearing form constitutes the common '' mould " 
(AspergUlua glaucus) ]. 3. Pyrenomycetes. — Sphceria, on dry stems, 
&c» ; Fumago ; Ustvlina deusta, at the foot of old tree trunks — when 
old has the appearance of charcoal ; Xylaria Hypoosylon, in rotting 
tree tronks ; Claviceps purpurea^ the fungus, constituting the ergot 
of rye. 4. Discomyoetes. — Peziza (Fig. 377), small or large fungi 
(sometimes 10 cm. in diameter), growing on the ground or on the 
branches of trees; receptacle (a), cup or disk-shaped, the hollowed 
inner surface entirely occupied by asci and paraphyses (Fig. 379); 
MorcJiella (about ten species are found in Germany) and HdveUa, 

X 



5. Tdberacki.— The truffle {7\tber), El<^Aomyee$, and PemidBimm 
glaueum, the conidia-bearing fonn of which is the commoneet monld 
on bread, cheese, <&c. 

Appendix: to the Atcomyetta. 
Lichens. 
The lichens fonn a division of planta, comprising several 
thousand species, which are distinguished, according to the form 
they assume, as cnistaceous, foliaceous, cup-shaped, ^ticose, 
&c. (see Figs. 380, 381, 382) ; they grow on trees, stones, the 
earth, and elsewhere. Of late years many interesting dis- 
coveries have been made in regard to these plants, which seem 




LiCRENi.— Fig.380.— Foliueoii*,i>Ajrmap«iIwruJmla. Fif. 381. — Cnpihapad. 
CXadonia pyxidata. Fig. 382.— FnitictMe, ■ ipecia of Bortdta {p«A<^ new) 
from Spitzbergcn ; nat. size. 

to stand alone in the vegetable world. They are not, as was 
formerly supposed, independent organisms, but are prodaced by 
the union (sijmbiosis. Tie Barj') of two thallophytes, one of which 
(the alga) contains chlorophyll, and forms a substratum for the 
other {the fungus), which contains no chlorophyll In other 
words, lichens originate by certain fungi living as parasites oo 
certain algx (mostly unicellular), such as Nodoc, Pleurococau, &c. 
The mycelia of different species of fungi living on different 
species of Algie give rise to peculiar forms of lichens. It has 
long been known that the lichen thallus is made up of two 
elements, a closely interwoven tissue of coloarless fungus 
filaments (hyphn-), in the interstices of which are numerous 
rounded, bright green cells ("gonidia"). The filaments ooo- 
stitute the fungiil clement, the gonidia the algal element, of 



the organism. The lichen thallus is also capable of producing 
certain cup-liko structures (fructifications. Fig. 380), in which are 
developed nomerous asoi, supported on filaments. The spores 
are formed m the same manner as those of Pmza (see p. 320). 
In respect of the processes by which multiplication takes place, 
the lichens in many points resemble the Ascomycetes, and 
accordingly must be classified very near them. 




FiQ. 388. 

L Q«ni)iii*ting ipora of Phytda parirtina, nttwhed to Protoeoeeiu 
viridu; II. The mme of Biatora muKorum; III. IV. The Mune of 
ClathniafiuKota ; SGO times enUrged— (After Bomet.) 

Figure 383 represents some examples of the eymbioaiB of hyphee 
and gonidia, such as have actually been seen to occut in experimental 
culture. In L we have a geiminating spore 
of a lichen, Phj/scia pariettna (s). From it has 
issued the filament (b) which is just about j 
to attacb itaelf to an Alga (a, Protoeoecua 
eiridu). Figure IL represents a spore (s) of 
Biatora mtacorum, the hyphce (6) of which 
ore intertwined with the ProlococcuB colony 
{a). In IIL and IV. single gonidia (Proto- 
eoeeus cells) from the thallus of Cladonia 
fureaia are shown, so as to illustiato their con- 
nection with the hypbfe. 

Typical geneia of lichens are -^ Cladonia 
(many species of which are common in woods 
and on heaths), Stereocavlon, LKonora, Peitigera 
(shield-lichens growing among moss), Parmdia 
(on trees and stones), Umea barbaia (on the 
branches of trees in forests), RamaliTiafraxinea, 
Getraria islandica (Iceland moea), Roeeella ^_^ 

Hndoria (litmus lichen), &c. The reindeer ripe prickly <pore« of 
lichen, Cladonia rkangi/erina, which covers Coiitnum om^rpAum, ft-. 
larjre stretches of land in Siberia, is important ^?^ '■J''*! enUrgei— 
as fodder for reindeer. '*"" **" ^^^ 
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(4.) Basidiamycetes. — Spores not enclosed in an ascus, bat borne 
on a basidiom-cell (Fig. 384), singly or in groups, mostly of 
four. All the spores on the same basidium ripen at the same tinie. 
The basidia are the ends of hyphse arising from under Uie 
receptacle, \7hich, standing together upright, form the hy- 
menium. This varies much in shape, and is found either on the 
under side of the receptacle or in its interior ; in the latter 
case it is surrounded by a tough or by a delicate membrane 
(peridium). 

The Basidiomycetes are divided into three families — the Tremdlini^ 
the Gcuteromycetesi and the Hymenomycetes ; the two latter are 
divided into a number of groups. 

1. — Families of Basidiomycetes. 

I. Fmctification or receptacle a soft gelatinous 
masSy of indefinite form; basidia on the 
upper surface imperfect, ]. Tbuulukl 

11. Beceptacle of definite form, fleshy or tough. 

A, The btfidia develop in the interior of a hy- 

menium, in oeUs or chambets, ... 2. GAsmoxTcrm^ 

B, The basidia are ntuated externally on a hymenimn 

covering a definite part of the reoeptade, 8. HriiKKOifTCKm. 

2. — Groups of Gasteromycetes. 

' I. Beceptacle subteri'anean^ remaining closed^ 

only appearing above ground when ripe, a. Htminooastui. 
II. Receptacle appears above ground, opens. 

A. Receptacle with interior colnmn, which on 
maturing breaks through the peridium, and bean 
at its apex the slimy, stinking hymenium, which 

soon disappears, 6. Phalloidu. 

B, Heceptade without interior column. 

* Receptacle small, cup • shaped on opening. 
Hymenium enclosed in several smaU lenti- 
cular bodies, or in a single spherical body, c, NlDCLABiir. 
* * Receptacle large, peridium membranous, open- 
ing mostly at the apex. Hymenium resolves 
into a filamentous tissue and spore powder, d, LYCorSBon. 

3. — Grotips of Hymenomycetes, 

L Hymenium situated on the upper aide of a 
vertical receptacle, club-shaped, or borne on 
rounded branches, a. Clavabib. 
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II. Hymenium Bituated on the under side of a 
fleshy receptacle, or on the under side of a 
membranous receptacle. 

A. Hymenium smooth, or dark and rough, . b. THSLEPBoau. 

B, Hymeninm forms radiating lamellsB, or tubes, 

pores, pits, or, more rarely, conical points or 
papi]]». 

1. Hymenium forms conical points or papiUs, 

which are rarely leaf-shaped, still more 
rarely regularly disposed prominences on 
the under side of the receptacle, . c, Htdnei. 

2. Hymenium not as preceding. 

* Hymenium forms tubes, pores, or pits, which 
occupy the whole under surface of the re- 
ceptacle ; more rarely they are arranged 
round the edge, or on tubular papillas, d, Poltfobxl 

* * Hymenium forms lamelle or folds radiating 
from the stalk ; the lamellae occasionally 
anastomose, and consequently seen pitted, e. Aoabicini. 

1. TremeUini, — These form a gelatinous, trembling, transparent 
mass, the surface of which is quite covered with spores. Tremella 
mesenterica is golden yellow in colour, and appears in spring on fallen 
twigs. 

2. Otuteramycefes — (a.) Hymenogastrei. — Externally like truffles. 
Bhizqpogon (about the size of a potato), Hymenogaster (size of a nut). 
(b,) Phallotdei, — Fructification at first egg-shaped, but after the column 
bearing at its apex the slimy, greenish mass of spores has pierced the 
peridium, the fungus looks like a hymenomycete. Phallus impudicua 
(stinkhom), common in woods, (c) Nidtdariei like Peziza among 
the Ascomycetes ; Oyathus (growing on rotten wood), Nidularta, &c. 
{d,) Lycoperdei, — The peridium is tough and leathery when immature, 
whitish, grey, or light brown in colour, and covered with warts or 
scales (external peridium). It opens mostly by a pore at the top, or 
irregularly, and scatters abroad its snuff-coloured spores in thousands. 
Lycoperdon (puff-ball), Bovista (common in meadows, pasture land, 
and grassy spots), Qeaster (external peridium opens like a star, with 
valves thrown back ; found in woods). 

3. Hymenamycetes (Mushrooms), — The most highly developed of 
nil fungi, (a.) Clavariei, receptacle mostly branching like coral, 
fleshy (Fig. 385) ; typical genus Olavaria, comprising numerous 
species. The following are ecSble : — C. crtspa, C, brevipes, C, aurea, 
C. grisea, C. botrytis, C, amethystea, C. coralldideSy C, ciner^ (6.) Thele- 
pfiorei, found on fallen branches and trees, which they injure; one 
genus, Thdephora. (c.) Hydneiy found on old wood and bark, {d,) 
Hydnum (Polyporem)^ receptacle fleshy, corky, woody (Fig. 386) or 
luu^, mostly without stalks, Boletus and a few species of Polyporus 
being exceptions. Polyporus, FistvUna, Dcedalea are found on 
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tree traDke; ifenilitu laert/maiis (Aij rol, grows in »i»d oo dftmp 
wood, lint covering it with s tuould-like coating, and aftetwudc, 
in its mature etst«, exnding iD'~-Utuie in drops) ; BoUtat (manT 
■pecies, among which is B. edulU, a faighlj prized edible fnn^os^ 
Other species are B. luteiu, B. h-jrinut, B. badiut, B. ruUumadotm*, 
B. varugatru, B. ngim, B. txrnpfllie, B. traltr, B. aulmau. The 
following are poisonous : — B. »quamiger, B. piptratnt, B. radiaixM, B. 




atliipiu, B. paekyptu, B. Salanan. (e.) Agarieini, the largest diriaioa 
of ttie fungi comprises forty genera, each with many species ; the moat 
important edible and poisonous of these are the foUowing : — Amaitita 
eeegarea (of very pleasant flavour), A. mutearia (fly-agaric, very 
poisonous, used by the inhabitanta of North-East Asia, in preparing 
B highly intoxicating beverage) ; Lepiota ddieata and L. procera, of 
agreeable flavour ; Tridiotoma Rwantia, much used in j^ustria ; PaxQliu 
panuc/ides, poisonous; Agarv^u* campenlris, the mushroom, a favourite 
edible species ; P. arvenme and P. silvatica are less delicate in flavour ; 
Phlegtnarium carium, poisonous ; Hyjroiihonu ehuraeuii, edible ; H. 
coniait, poisonous ; LeKiaritu JeliciiMMt, edible ; L. tcrvbievlaiuii. 
poisonous ; L. luriilug, poisonous ; L, piuinbeux, poisonous ; C<uUha- 
itUuM ribarive, edible. 

Typt III. 
AuiX. 
The AlgtE are Dever, like the fungi, composed of hyphal tissue. 
The vegetative body is unicellular, few-celled, or multicelluUr. 
^V^en few-celled, it ia frequently filamentous ; when multicellular, 
it sometimes assumes the foi'm of higher plants {Characea, and 
many seaweeds). The Algie always contain green colouring 
matter (chlorophyll), or similar pigments, imparting a red, brown. 
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yellow, or olive colour to the organism, and capable, like ordinary 
chlorophyll, of carrying on the process of assimilation. The Algae, 
accordingly, are not parasites, but independent plants. The pro- 
cess of sexual reproduction differs much in different species, as 
we shall see later. They are grouped into numerous orders, 
of which the most important are the following : — 

Chief Orders of Algoe, 

I. The two sexual cells homogeneous; sexual pro- 
duct a zygospore, 

A, Ztgosporea. 

A. UnioeUuIar Algae. 

a. Contftiniiig yeUowish brown colouring 

matter (diotbmtn), with siliceoas ooat, 1. DiATOMACEiB. 
6. Containing green oolouring matter (cMo- 

rophyUjf no siliceous ooat^ 2. Desmidiack£. 

jB. Multicellular (filamentous) Alg» ; green, 8. ZraNEHACSJL 

II. The two sexual cells heterogeneous, 

A, Sexual product a ipore, which either develops 

into a new plant, or generates swarm-spores. 

B. OoSPORSiE. 

Ok With green colouring matter (chlorophyll). 
Found in fresh water. 
* Filamentous Alga, consisting of 
branched, or unbranched, one or 
more celled, filaments. 

1. Unicellular, .... 4. Vauohbbiack£. 

2. MulticeUular, ... 5. (EdogoniackjE. 
* * Consisting of a multiceUular vegeta- 

tive body 6. Gharacile. 

h. With red or olive brown colouring matter, 

inhabiting salt water, ... 7. FuoAOfiJC. 

B. Sexual product a tporocarp, producing spores. 

O. Carpospors£. 

One family, mostly sea-weeds, not green, 8. Floridsjs. 

A. Zygosporeoe, 

The Algee belonging to this class are mostly unicellular organ- 
isms {Desmidiaceoe^ Diatomacem) ; more rarely the vegetative 
body consists of a many-jointed cell filament (Zygnemacece), 
Beproduction takes place asexucdly by division of the cells in the 
longitudinal or the transverse direction. Beproduction also 
takes place sexually, the sexual cells so produced not being, as in 



the following types, of different fonn. Sexual reproduction is 
effected hj means of conjugation (see p. 270). The cell arising 
as the result of conjugation is a zygospore (o. Fig. 341), formed 
by the fusion of the protoplasmic contents of two cells. FreTioos 
lo germination the zygospore remains for some time in a state of 
rest (restingspore). The three following orders may be men- 
tioned : — 

(I.) DiatomactcE (BacillariacecB). — Unicellular Alg(e, contain- 
ing brownish yellow colouring matter (diatomin). Occasionally a 
number of individuals unite to form a band-shaped colony. The 
cell-membrane is highly siliceous (comp. p, 248), the silex being 
incorporated with the tissue of the membrane in the form of dots, 
lines, tubercles, or irregular masses and such-like. After the decay 
of the organic constituents of the plant, the delicate siliceous 
skeleton often remains intact (Fig. 387). The Diatom cell con- 
sists of two halves symmetrically 
divided in the long direction ; the 
e half IS a little broader than the 
other its edges overlapping like 
those of a lid. In the process of 
division t)ie two halves separate, and 
the inner or small half has to be 
formed anew. Hence, under con- 
tinuous division, the cells are always 
getting less. A limit is, however, 
put upon this prt^ressive diminu- 
tion by the formation of aiLro- 
' ^07 es a process which takes place 
either by rejuvenescence or by conju- 
gatum In the former case {Melosira) a cell formed in the 
usual manner by division discharges its protoplasmic contents, 
and these subsequently develop into the auxospore; in the 
latter (Fmstulia) two cells enter into conjugation, their contents 
pass out and fuse, a zygospore being thus formed, from which the 
auxospore is afterwards developed. The auxospore is always 
mucli larger than the two mother cells. 

There are iti all about 1500 known epecics of Diatomacetc ; tlipy 
abound both in fresh and salt water. Many fossil forme occur, llie 
great deposits of " Tripoli," and the so-called " Infusorial Earth " are 
in great port made up of the siliceous skeletons of Diatomaceie, which 
havu been able through ages to withstand decay. 




Fio 387 

FoMiI Dutonu from Ebalorf — ' 
I Froiplana. 11 EpiAemm. 
Coceonrma IV OtUliondla 
times eaUrged 
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(2.) Desmidiaceai, — Mostly unicellular Algae, coloured green 
by chlorophyll (see Fig. 342, p. 271), often stellate or crescentic 
in shape. Beproduction proceeds aseocuaUy by cell - division, 
sexudUy by conjugation. The latter process takes place as 
follows: — Two cells arrange themselves crosswise, with their 
broad sides facing one another ; the walls then give way, and the 
protoplasmic contents of the two cells mingle. The result is a 
resting zygospore, in which afterwards arise two new indivi- 
duals. The Desmidiaceas are only found in fresh water — in 
pools. 

(3.) ZygnemacecR {Filamentous Algce). — These contain chloro- 
phyll, which is frequently distributed in the cells in the form of 
irregular masses or spiral bands (Fig. 334). Cells united to 
form unbranched filaments. 

The filamentous AlgsB form green, slimy flocculent masses in ditches 
and ponds ; typical genera, Zygnemay Spirogyra^ Zygogonium, 



B. Oosporece, 

The Oosporeae are rarely unicellular (VaticJieria), Usually 
the vegetative body consists of cells arranged in rows, filaments, 
or masses of varying thickness. Like the Zygosporeae, the 
Oosporeae have a twofold mode of reproduction. The one is 
asexual (vegetative), and takes place by cell - division or by 
swarm-spores ; the other is sexual. In sexual reproduction two 
kinds of cells are involved — a male ( ^), the AntJieridium, and a 
female ($) the Oogonium. Tlie seocual cells differ in appearance 
from each other. 

Although in many minor details the different species vary consider- 
ably as regards their mode of reproduction, the general characteristics 
are the same in alL The method of reproduction seen in Vaucfieria 
may be taken as typical (Fig. 388). The Vaucherke are unicellular 
Algae having a filamentous, repeatedly branching body (I.) ; the 
branches (d d e) are blunted at the ends, and contain numerous 
large chlorophyll grains. From time to time two slight protuberances 
(Sf 9 II>) appear side by side on one of the branches. These gradually 
increase in size and assume a cylindrical appearance, after which they 
undergo a remarkable series of changes. The protuberance destined 
to become an antheridium (III.) retains its cylindrical shape, but curves 
at the point into the form of a hook. At the same time it is divided 
about half-way up by a transverse * wall (III.), whereby the anterior 
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portion (b) is transformed into a separate cell This b the male c«lL 
Gradually its chlorophyll disappears, its protoplasm is altered and 
breaks up into a number of minute mosses, which, on the niptuie of 
the cell-wall, pass out as KpermaliKinda. The epermatozoid (IV.) is 
extremely minute, and coosiste of a colourless protoplasmic mass, pro- 
vided with two cilia (see IV.) by which it npidly moves through the 
surrounding water. The developmeut of the oogonium u as follows : 




Fia. 386. 
SexwU reproduflion ta a Vaiacheria. — I. End of x bnncked 
cell ; d de Bnucbei ; S uid ! Hie mxiuI ot^uu ; II. Part 
of t, filunent ■bowing tile orgin of the hiuiJ organs ; IIL A 
jooiig uitheridium ; IV. Two sperouitoEoidii ; V. UtJeMdliaed 
uogoniQiD ; VL The mue ftt the moment of fertiluation ; VQ. 
The embryoDtc veflic]« After being detached froTo the pftnot 
pUnt I. 100 tiniM Bnl«™d ; fl., IIL, V., VL, VIL 800 
time* enlarged ; IV. 1000 timet enlarged (bm text). 

— The protuberance on the branch of Vaucheria (9, IL) gndnaUj 
enlarges, becoming ovoid in shape, and assuming an oblique poation. 
It is finally separated from the parent plant by means of a tnuuvens 
wall formed at its base (a, V.). The contents of the oogonium are 
very dense, consisting wholly of opaque, granular, starchy matter. 
When the oogonium is ripe its contents are slightly withdrawn from 
the beak-like apex (a), which thereafter opens (/, VI.). The spenna,- 
tozoids, liberated from the antheridium of the same or of some other 
individual, pass into the oogonium by the opening at/, and there con- 
tinue in motion tor some time. In the couree of their movements the sper- 
matozoids repeatedly coroe into contact with the granular plasma of the 
female organ, with which linally a number of tbem become incorporated. 
This constitutes the act of feitilisation (p. 166). The oogonium now 
surrounds itself with a firm membrane consisting of three layers, and 
detaches itself from the parent plant ; Its contents turn te a brown or 
reddish colour. The oogonium is now an ootpon (VII.) After 
resting for some time, it develops into a new plant. 
To illustrate the germination of the oospore, the oaae uf a Ckant 
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may be taken (Fig. 389). The oospore of Chara, after being detached 
from the parent plant, is somewhat barrel-shaped (I.), and is enclosed 
by a brown, almost opaque, envelope, furnished 
with spiral ridges. It is densely filled with 
colourless fat and starch granules. The pro- 
cess of germination is commenced by the with- 
drawal of the contents of the oospore from its 
apex, and the appearance in their place of clear 
protoplasm. A transverse partition is now 
formeid across the interior of ^e oospore (I.) in 
such a manner as to give rise to a large basal 
cell and a smaller anterior one (Jc), The latter 
next divides transversely into two daughter 
cells, one of which develops into the primary 
root (v, II.), the other into tiie pro-embryo (w a). 
The pro-embr}''o then undergoes repeated divi- 
sion, and gives rise to the stem and secondary 
roots from the cells (« and to) thus formed. 

In certain other species belonging to this Otrminaiivg (x^pwma of 

y A<L jxTxi-ii ' ^ CharcB, — I. First Btaffo ox 

class the oospores do not directly develop mto germinatioii in thd spore 

new plants ; their contents break up into swarm- of Chara crinita, II. 
spores, which germinate after liberation from Spore with seedling plant 
the mother cell issuing from it {TdypeOa 

ifUricata). < Cell, from 

(4.) raMcAma««. - ThaUus a unicel- S^^***? '^ 
lular, ramifying tube, firmly atttkched to mother ©ell of the root ; 
the underlying rock, &c. by root -like l^i^f^^^'hl''. 

organs (rhizoids). It is lined with protO- about ninety times en.' 

plasm, and contains numerous green ^"^-"^ ^ eBary.) 
chlorophyll grains. Vegetative reproduction takes place by 
spores ; the end of a branch swells out, and is cut off from the 
parent plant by means of a transverse partition. Finally, the 
spore drops off, and after resting a few days germinates directly. 
In other species the contents of the spore (Zoosporangium) 
develop into swarm-spores, which on being liberated assume a 
rounded form, and give rise to new plants. Sexual reproduction 
takes place by antheridia and oogonia (see above). 

(5.) (EdogoniacecB, — Thallus a multicellular, simple, or branched 
tube, containing chlorophyll. Sexual reproduction effected by 
antheridia dnd oogonia ; from the oospore proceed swarm-spores 
as in many Vaucheriaceae. 

Like the Zygnemaceae the CEdogoniaceae foim dark green flocculent 
masses on stones and plants in water; they afterwards become 
detached, and float about freely. (Edogoniuniy BtdbochcEte, Coleochcete, 
typical genera. Very similar, and perhaps allied to the CEdogoniacete 



are the ConfenacoB, of whose mode of reproduction much has yet to 
be loomed. 

(6.) Charaeeee. — Sexual Teproduction effected by aatheridia 
and oogonia of very complicated structure ; Isi^ mnlticelluUi 
plante, allied In many respects to the 
higher plants (mosses) ; readily dis- 
tinguishable from all other Algse by their 
peculiar habit. The " stem " grows verti- 
cally upwards, giving rise at intervals to 
branches arranged in a verticillate masner, 
on which, or on the twigs of which, are the 
sexual oi^ans. 

Submerged plnnte, rooting in mud, and 
attaining a height of about 30 cm. Fouot] 
in ditches, brackish water, &c. Typical 
genera, Niiella, C^ara. 

(1.) Fucacea (Sea-Wracksj.S&lt-waiex 
Alg% with peculiar greenish brown colour- 
ing matter, often of enormous size ; firmly 
attaclied to the sea-floor by means of 
; t'hizoids ; the thallus sometimes appearing 
above water. 




MdanOalia B3lardia 
[Mom.] \ three timee e 
Urged. A tpedea < 
FloridoB froi ' 



In habit the Fucacete fTec]ucntly leaemble 

"aT^J^r^^^'t ^^' '"ISO phanerogams (trees, shrabs), but are 
1 Stem, d LB»f-like lobea * _xi. i ii i i ri 

oftbBth»UiiB,/cyBtoc»tp, nevertheless cell mar cryptogams. FurugvttKW- 
^o«us (bladder- wrack) is a well-known S]>ecie8 ; 
F. Krraiue is common on the coast of liritain ; Sargasmm baeri/erum 
forms in certain parte of the ocean (Atlantic Ocean) large floating 
islands of tangle ; sea-wracks grow most richly iu the neighbourhood 
of Magellan's Straits. 

C. Carposporece. 

Multicellular Algee, not green in colour. The sexual product 
is not, as in the case of the Oospoi-ere, a spore, but is nsaally a 
multicellular body, the sporocarp or carpogonium (comp. p. S18) 
in which, after fertilisation, the spores are generated. Fertilisa* 
tion is effected either by swarm-spores (spermatozoids) or by 
conjugation of the two sexual cells. Almost all Algie of this 
class are sea-plants. 

(8.) Floridea. — The Florideae are sea-weeds containing red or 
brown colouring matter. They are distinguished from the sea- 



wracks by the circmnatence that their spores are generated in 
capsulea (cffaocarps, /, Fig. 390), which arise in the axils of the 
leaf-like lobes of the thallua (s, d). 

A fresh-water species of Floridese is Batraehospermum moniliforme. 
This is a slimy Alga, measuring only a few centimetres, and composer! 
of uumerous rows of cells arranged in bead-like bunches. Found in clear 
runnitig water, attached to stones, wood, &c. 

Second Series. 
MUSCINE*. 

The Muacinese constitute the link between cellular and 
vascular plants. The 
stems of the Muscinete 
are characterised by a 
very imperi'ect central 
fibro-vascular bundle, 
in which the vessels are 
usually entirely awant- 
ing, and only camblfonn 
tissue present The 
v^etative body is differ- 
entiated into stem and 
leaves, except in the 
case of certain lower 
forms (frondose liver- 
worts), where it is not 
developed beyond the '^^, 
thallus stage. Repro- 
duction is effected both 
sexually and asexually. 
Asexual reproduction is Anthendium and sjchegonimn of liver worta. 

_ . J V — I Young Krcheconium uf Btma nltala IL 

eneCted by gemm/B, Mo„ «lT.nced wrJiegomum of Mardumtw pUf 
those peculiarly modi- "wrpAa; III. Yonngustheridiamof Alcna^ue9,■ 
fied hairs already de- &„« ofthe arohcgomom ; A Neck VT da ; rMed 
scribed on p. 281. 'P*"; e Embrjonic cell, itter fertiliwUon by cell- 
„ , , . division, developing into the >porocBrp (n, verr 

Sexual reproduction is etxlj itagf) ; • CellB about to form .penniitoMid*. 
in all cases effected bv ^- (According to Kny), 4*0 tdmoii enlarged. II. 

, , . , . , , , (According to Slachs), 300 timet enlarged. III. 

AtU/l^~ldta and Arche- (According to Hofmeister), 600 timee enlarged. 
gonia, which are also to ^^- (According to Sachs), 800 time* enl^gad. 

be regarded as modified hairs. They are found on full-grown 
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plants, and arise from the cells of the epidermis. The antheridia 
are ovoid or clavate in shape (Fig, 391, III.), and consist 
internally of a mass (s) composed of sperm cells (3). In these 
the spermatozoids are generated, each cell producing a single 
gpermatozoid. To effect fertilisation the spermatozDids pass oat 
of the antheridium by the narrow passage (m), and enter the 
archegonium. The latter, the female organ, is flask-ehaped, and 
opens outwards by a narrow, neck-like passage {k, I.). It is 
composed of cellular tissue, and encloses a central cell, tiie 
oo^kere. The spermatozoids (minute elongated bodies, provided 
with two cilia, lY.) having left the antheridium, pass along the 
neck of the archegonium (A), come into contact with the 
oosphere (e), and blend with it (fertilisation). Thereupon the 




Fio. 392. 
it'rer-KorW. — I. Germiiutitig niore o( Ceratodon ptiryuTtut; II. 
Fructifying {Juit of Brytm ITarn^uni,- IIL-IV. Cumin ; [IL 
Ceratodon pamtTtti; TV. Pogonatwn Hanutn.- V. Pk^Kowutrimm 
cwructttiN; VI. Oj(Hi)dontima gracUtttttu : VIL Baeam^rittm foUxM. 
L 600 timei enlu^ ; II. Nat oM ; ni.-VII. About 10 timM 
enlMved. » Root, c La>f twigt, > Stalk of capmile (&*■), h Capmile, 
d y&a, m Cap, U Leaves, Ic Spore, p Protonema. 

oosphere divides {sp, II.), and develops into a sporc^niam 
(capsule) of considerable size, in which the spores appear later 
on. The sporogonium of the mosses is universally known. It 
is borne at the end of a long stalk {s, Fig. 392), and is often 
surmounted by a cap (m) representing the upper half of the wall 
of the archegonium, which gets torn across as the capsule 
enlarges. When ripe, the sporogonium opens by means of a 
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valve (d), in the liver- worts by four longitudinal slits. The rim 
of the capsule is frequently bordered by a row of peculiarly shaped 
teeth forming the peristome. When the capsule opens numerous 
brownish spores are scattered abroad. These germinate in damp 
soil, their outer wall (A, I.) giving way, and a colourless germ- 
tube, containing large chlorophyll grains, being protruded. The 
germ-tube is soon divided into rows of cells, ramifies, and forms 
a filamentous algoid body, the pro-embryo or protonema. In 
course of time a short bud is formed on one of the branches of 
the protonema. By cell-division this bud speedily develops 
into a mass of cells, part of which grows in an upward direction, 
and produces a leafy moss (sexual generation, a c c). Another 
portion of this tissue grows downwaids, and forms the root (w). 

Type IV. 

HEPATICiB (LiVKR-WORTS). 

The protonema is absent or very small. Vegetative body 
thallus-like (AntJiaeeros, Marchantia), or consisting of a re- 
peatedly branching stem with small flat leaves {Jungermafinia). 
The capsule (sporogonium) is usually stalked, and of oval, 
spherical, or like shape. It contains numerous minute spores, 
and certain peculiar structures called elcUei's. These are com- 
posed of elastic filiform cells; their function is to cause the 
spores to spring from the open capsule on the slightest pro- 
vocation. The sporogonium usually opens by four vertical slits. 

The liver-worts are the lowest of the MuscineaB. They are small 
delicate plants which grow on the trunks of trees, on walls, on the 
ground, on decaying leaves and elsewhere. Typical genera are Ricda 
{R. naians and R. Jluitans, float on the siu'face of lakes), Anthoceroe, 
Marchaidia {M. polymorpha is the commonest of all the liver-worts), 
FegaieUa, Lunidaria, Blasiaj Jungermannia, Metzgeria, AneurOy 
&c. &c. 

Type V. 

Musci (Mosses). 

The pro-embryo or protonema is large, and is composed of 
branching filaments containing chlorophyll. When full grown 
the vegetative body is always differentiated into stem and 
leaves ; the latter may or may not have a simple midrib, and 
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are for the most part composed of one kind of tissue. The sporo- 
gonium (capsule) is mostly stalked, and bears at its apex a cap» t.e., 
the upper portion of the former archegonium walL The tissue 
in the interior of the capsule produces only sports; elaters do 
not occur. The central tissue of the capsule is barren, and pro- 
duces no spores ; in the ripe sporogonium it forms the central 
columella. The capsule opens by means of a deciduous lid, 
with or without a peristome, rarely by four vertical slits. Still 
more rarely the capsule remains closed, and the spores are 
liberated after the decay of its walls. The most important 
orders are as follows :-r- 

(1.) Sphagnacece or Bog-mosses. — Without cap (calyptra). 
Capsule without proper stalk, but borne at the end of a stalk- 
like process of the stem, opening by a lid. Pro-embryo (proto- 
nema), like the prothallus of a fern (see below), flat and leaf-lika 

The bog-mosses are distinguished by their peculiar yellowish green, 
yellow, or reddish colour. They abound in boggy places. There is 
but one genus, Sphagnum ; about twenty species are known in Europe ; 
the chief are 8. squarrosum, S. euspidaium, S. rigidum^ S. cgmbi- 
folium^ &c. 

(2.) AvdreoRoceoe. — Mosses with calyptra; capsule without 
proper stalk, as in sphagnaceae. It opens by four vertical slits, 
which reach nearly to its summit. Protonema filamentous. 

Small, almost black, mosses, growing on rocks and stones. One 
genus, Andrecea {A, rupestris and A. petrophila), is common in 
mountainous regions. 

(3.) JBryacece, — Mosses with calyptra, capsule borne on a true 
stalk (seta), which is rarely short ; it opens by a lid (operculum), 
and frequently possesses a peristome; sometimes it remains 
closed. Protonema filamentous. 

The Bryaceac are small or moderately laige plants which grow 
together in large numbers, and cover the surface of the ground, of 
stones and rocks, and of trees ; some species grow in water. They 
display great diversity in general habit, and in the form of the 
capsule. They are divided into acrocarpous and ]Aeurocarix>us mosses^ 
according as the capsule arises from the apex or from the side of the 
stalk. Becently they have been further subdivided into numerous 
families, which need not be considered here. The most important 
genera are as follows : — Phascum (capsule remaining closed), Weisicy 
DieranetlOy Dicranum (D, scoparium^ very common in woods), 
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Fiesidem (vith imbricated leaves arranged in two rows), Pottia, 
Ceratodon {C. purpareus is one of the commonest of the moasea, and 
is found in nearly all parts of the world), Trichostomum, Barbvia, 
(with spiral peristome), Grimmia (growing in cushion-like masses on 
rocks), Racmitrium, Ulota (found on trees and rocks), Orthotriehmn 
(the same), Schietonte'ja (growing in crevices, with a protonema which 
shines in the dark), Splaehnum (with peculiar capsule), Funaria, 
Bryum, (a large genua, comprising many species which cannot eaaily 
be distinguished from each other), Mnium, Polytridium (a wood- 
land genus), Foniinalh (found in mountain brooks), T/iuidium, 
Climaciutn, Isotheeium, Braehythecvurn, Eurhynehium, Rkyncho- 
ite^um, Ploffiotkecium, Ambhjstigium, Hypnum (verj- lai^ genus), 
Hyloeomium. The last eleven genera are all pleurocarpous.- Over 
6000 species of Bryacere are known. 



Third Seriet. 
Vascular Cryptogams, or Vascularia. 

The vascular cryptogams (ferns, &c.) resemble the mosses, 
but they differ from them in many important respects, and 
possess many features in common with the higher plants, 
particularly the conifers. 

The prothallus ot p)-olhallium produced as the first resalt of the 
germination of the spores of vascular cryptogams is a flattisb or 

rounded cellular body divided into „_ ^ 

lobes. It is attached to the soil by > 

numerous root-hairs, called rAtJoids. \ 

The prothallia of most true vascu- ' '--"i I 

lar cryptogams appear above the ■b/L, / 

ground and contain chlorophyll. , -^^h. J 

Those of the Ophioglossea and ' ' 'yf^^/ 

Lycopodiace^e are, however, sub- ii ■ ' 

terranean, and do not contain fig. 393. 

chlorophyll. It is on the pro- ProUalUum of one of the Tmcd- 

thallia that the male and female i^' -^vyi'"" ^igrnxm: so 

... , tunes enl&rged. tr Roothun. 

sexual organs (anthendia and 

arch^onia) are borne. In some cases the two kinds of sexual 
organs (sporangia) are produced 00 the same prothallium, but in 
others (Equisetacese, Ebizocarpefe, Selaginellefe) the male organs 
are produced on one set of prothallia, the female on another. 

The structure of the anlheridiuTn differs in different groups. 
In many (Polypodiacete) it is as follows (Fig. 394) : — It is 
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enclosed by a cellular (epidermic) wall (a), the apex being 
fomied by a single cell, which acta as a lid (A). This cell has 
here given way. The interior is composed of cellular tissue, 
in the cells of which, at a later stage, the spermatozoids are 
developed. When the antheridium is ripe, the apical cell 
opens by a slit, and the cells containing the spermatozoidi 
are thus discharged. Tlie spermatozoid proper lies coiled up 
spirally in its cell (s), in which it keeps up a rotatory move- 
ment. Suddenly it bursts through the surrounding protoplasm 
(s'), and moves away with a peculiar windingt>r boring movement 
(s") in search of the archegonium. 

The arcJugonium is similar in structure to that of the Hepa- 
ticse and the mosses. Like the latter, it is flask-shaped, the 
lower part being bulged out, the upper narrow and neck-like 
(A, Fig. 395). The ^g-cell or oosphere (e) lies in the lower part 




f. 




Fig. 394. Fio. 309. - 



Fig. S9 4. —-Antheridium of Pteru ttmitata ibawiog the di>chai:gs 
of ipermatoioiclB. Some of theie u« klieadr M>ine ^nj off. SCO 
tiniGB tfiilarged,— (After Lnereun.) Fig, 39S. — Ripe uchegmiiam 
of Onannda rrgalit. h Neck ; t Ooiphere. 240 tune* enlM^wl— 

(After Luenaen.) 

of the organ. There it is reached by the spermatozoids, which 
blend with it, and so fertilise it After fertilisation, the embry- 
onic cell undergoes repeated division. First of all it is divided 
into four compartments, one of which forms the primary cell 
of the future root ; the second, that of the stem ; the third, 
that of the first leaf ; and the fourth, that of the so-called foot. 
The foot is composed of a mass of cells of considerable size, form- 
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ing the connection between the seedling plant and the protbal- 
lium ; it absorbs nourishment from the prothallium, with which 
it supplies the young plant until the latter is able to support 
itself. 

We thus see that, in the Polypodiacese and kindred plants, 
what is commonly called the fern is the result of the develop- 
ment of the embryonic cell of the archegonium after fertilisation. 
It constitutes the asexual generation, while the prothallium 
represents the sexual generation. 

The so-called " fern," — i.e., the axis and its fronds — is accord- 
ingly the homology^ of the capsule of the mosses. The moss sporo- 
gonium and the spore-bearing fern plan^ are thvs, viewed from the 
standpoint of comparative morphology, homologous structures. 

The asexual spore-bearing generation must be considered under 
each type separately, as in each it is characterised by special 
peculiarities. 

Type VI. 

FiLiciNEiB (Ferns). 

In the tnie ferns {Filices, FUicineoB) the prothallium is flattish 
or slightly globular. Antheridia and archegonia develop on the 
same prothallium. The spore-bearing generation consists of a 
well-developed or much-shortened stem, which may be either 
simple or slightly branched, and which bears numerous more or 
less divided compound leaves (fronds). The spores are borne on 
the fronds, mostly on the under surface, and are enclosed in 
peculiar capsular spore-cases, called sporangia. The ferns pro- 
duce only one kind of spores. 

The sporangia are metamorphosed hairs (comp. p. 280). They 
develop on the leaves in groups (A, I., Fig. 396), the group 
receiving the name of sorus. The sorus is usually surrounded by 
or enclosed in a scale-like membranous structure (indusium) 
continuous with the epidermis of the leaf. The capsules or 
sporangia constituting the sorus (II., III.) always arise by 
enlargement and division of one of the cells of the epidermis 
(hair-cell). They are usually stalks (jp), and consist of a thin, 
transparent (hyaline) wall enclosing numerous spores {s). In 
most cases the wall of the sporangium possesses a ring {annvlus) 
of thickened cells, which runs round the case and divides it exter- 
nally into two halves. The opening of the sporangium when 
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ripe is effected by meaDS of the anoulus, whicb gives way at a 
certain spot, and curls backwardn. 




I. PinasotPtilyitichumtpiaidotumfn) with aonu (A). 
II. Sporengium from the side. III. The Mme trom 
behind, p Sulk ; r AnnuJai ; i Spores. I. tcntinm 
enlarged ; II. III. 200 times enlarged. 

The various positions occupied by the sporangia or aori may be weU 
. seen in Fig. 397-399, wliere we finii illustrations lepresentiDg the 
position of these organs in several of the most import divisions of tbe 
Filiccs. Fig. 397 represents the common hart's-tongue {Scolopen- 
drium vulgare) reduced to about one-half the natural size. The 
under-surface of the simple frond bears numerous linear sori Rg. 
398, I. -III., represents single pinnte of varioua other ferns {Polypo- 
dium, LHdymoehlixTta, Nepkrolepie) ; note here the regular way in 
which the midrib (m) branches, the sori (g) being seated on one of the 
smaller rami Heat ions. In III. the kidney-eheped indusia which cover 
the sori may be plainly seen. In VIII. and IX. (Pterw, Adiantum), 
the sori are ranged along the margin of the pinnte, which is sligbtlv 
cun-ed inwards, covering the sporangia, and eo forming a faJne indv- 
giutn. In Lygodium, one of the Gleicbeniacece {IV., Y.), the sori are 
arranged on an axis formed by the prolongation of a vein beyond the 
margin of the pinna ; they are composed of several sporangia (in thir 
case seven), and bsve a horizontal annulus ; in the cut they are repre- 
sented as open. The sporangia of Angiopteris, one of tbe Marrattiaceee 
(VI.), are arranged in the manner shown in the cut : the sorus i« 
without indnsium. In Maraftia the sporangia occur singly ; they are 
thick-walled and open by a longitudinal slit. The two valves («) each 
contain a n>w of small loculi (/). In the OpkivglosscKea an entire leaf is 
metamorpboHed into a Bpore-bearing organ (/, Fig. 399). It is easily 
distinguished from the sterile foliage leaves {p), its pinnffi being repre- 
sented by small globular structures, which open later, and disclose Ibe 
contained sporangia. 

The Filicinete are divided into three orders — the Filicet, or true 
fern, the Maraliutcftr, and tbe Ophioglossfw (adder's -tongaes). 
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As theae, in contrast to the Rhizocarpese, only produce one kind 
of eporea, they are termed isospoi-ous. 

(1.) Filicea (Ferns). — rrothallium appearing above the surface 




Fio. 397. 
Seoloptndrian 
mlgart (HutV 
toDguc). Simple 
fruod, with lineu- 
•ori ; hklf nst riie. 



SPORIKOIA of FeBNS. — I. Poiffpa- 
dium vulyari. IL Didi/moclitana 
InmaUa (J. Sm.). III. NtpkralepU 
txallaia (Schott). IV. V. I^godium. 
VI. AngitipterU. VII. MartMia. 
VIII. Ptem aquaina. IX. Adian- 
lam CapUlut- VenerU ; m Midrib ; n 
Veini i ( Son. I.-IV., VIII., IS. 
nat. Biie ; V.-VII. fifteeo tinea en- 



Fio. 399. 

naria, naX. size. 
wRoot; A Scale; 
p Frond; /Spike 
bekring Bponi). 



of the soil, and containing chlorophyll. Son free, arranged on 
the under surface, or at the mai^n of ordinary or slightly meta- 
morphosed leaves. The young fronds circinate in vernatioii. 
Sporangia mostly with vertical annulus and indusium, never 
divided into chambers. 



342 VASCULAR CRYPTOGAMS. 

Almost all our native ferns belong to this, order. Important species 
are — Pteris aquUina (bracken), Adiantum CapUlua- Veneris and 
A. pedatum (maiden-hair) — (both these species, as well as many from 
South America, largely cultivated in hot-houses), CyetopterU fragiliB 
(bladder fern), Aspidium Filix-maSy Polypodium vulgare (polypody), 
Aeplenium Filix femlnaj A, Ruta muraria, Scolopendnum (hart's- 
tongue), Struthiopteris germanica, Blechnum boreale (hard fem), 
Osmunda regalia (royal fem). Many tropical ferns are tree-like, e.^., 
Dicksonia antardica, a species which may be met with in many hot- 
houses. Its stem attains a height of about forty feet, and the fronds 
a length of about fourteen feet ; it is indigenous in New Holland and 
New Zealand. The allied genus Cyathea has several tree-like species 
with large beautiful fronds. 

(2.) Marattiacece. — Prothallium appearing above-ground, con- 
taining chlorophyll ; sori arranged on the under surface, or at 
the margin of ordinary (not metamorphosed) fronds. The 
young leaves are circinate in vernation. Sporangia without 
distinct annulus, without indusium, sometimes divided into 
chambers. 

A small order, the species of which are mostly tropical ; some are 
tree-like. Genera — Angiopteris, KaulfuasiOf Marattia^ Dantea, 

(3.) OphiogloaseceiAdder's-Tonguea), — Prothallium subterranean, 
without chlorophyll. Sori borne in the interior of fronds meta- 
morphosed, so as to look like a spike. The young leaves not 
circinate in vernation. 

The Ophioglosseae are a small group, comprising several small 
species of ferns. Three genera — Ophiof/lossum, Boiryckium^ and 
Helminthostachys. The two first are found in all parts of the world, 
the last is confined to Tropical Asia and Australia. The two most 
common home species are Botryrhium Lunaria and Ophioglosgum 
vulgatum. 

Type VI I. 

EHIZOCARPEiG. 

The Khizocarpeib are chiefly distinguished from the Filicinese 
by the formation of two kinds of spores (macrospores and micro- 
spores); they are therefore termed Jieterosparous. The macro- 
spores produce a female prothallium bearing archegonia, the 
microspores a male prothallium bearing antheridia. The spor- 
angia are borne externally in the vicinity of the roots. They 
are of two kinds, one containing only microspores, the otbtf 
only macrospores ; they either lie togethti' in groups surrounded 
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by a membtanous capsule (the sporocarp, Fig. 400, /, and Fig, 
401,/), or macro- and microsporangia are separate, and enclosed 
in two different sorts of sporocarps. The young leaves are 
either I'-iicinate or simply folded in vernation. 

The peculiar habit of the Bhizo- 
carpeee ie illustrated in figs. 400, 
401. They derive their naiae from 
the fact that the sporocarps are always 
found in the vicinity of the roots ; 
in Salidnia the spoiocaip was even 
formerly regarded as a metamoF- 
phosed root. The macrospore on 
quitting the sporocarp germinates, 
I.e., undergoes repeated ceil-division, 
and produces a female prolballium, 





tO\.—PUi^ria glebidtftTa {FiU-won) ; ia.t. lixe. / FruiU. 



which continues in connection with the macrospore. The microspores 
in Rorminating either produce a very imperfect piothallium hearing 
antberidia,ortheir contents break up and form numerous spermatozoids. 
Two orders. 



i 
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(1.) SalviniacecB. — Macrosporangia and microsporangia sepa- 
rate, and enclosed in different unilocular sporocarps. Leaves 
folded in vernation. 

Small plantt) without true roots, found floating on the surface of 
water ; in habit resembling the duck-weeds. Two genera — Salvinia 
(native species 8. natana) and AzoUa (America, Africa, Australia). 

(2.) MarsUioucece. — Macrosporangia and microsporangia en- 
closed in the same sporocarp. Leaves circinate in vernation 
(Figs. 400, 401). 

Delicate land or marsh plants. Two genera — Pilularia (leaves fili- 
form, pointed; indigenous, P. glohviiferOy Fig. 401) and MarsQia 
(leaves in whorls of four. Fig. 400 ; indigenous, M, quadrifolia). 



Type VIII. 

EQUISETINEiE (HORSETAILS). 

The Equisetums are distinguished from all other vascular 
cryptogams by the peculiar structure of the spore-bearing genera- 
tion. The stem consists of a number of joints which fit into 
each other somewhat like the different pieces of a telescope. 
The true leaves are very small and membranous, and arise from 
the summit of each joint so as to surround the lower end of the 
joint immediately above. The stem bears numerous branches, 
usually arranged in whorls. It is stiff and rigid in appearance, 
a circumstance which is to be accounted for by the large 
quantity of silica which is deposited within its epidermis. 

The Equisetums are further distinguished by the peculiar 
anatomical structure of the stem, in which they approach the 
dicotyledons, especially the conifers. Surrounded by the pretty 
equally developed fundamental tissue (e i, VII.), the fibro- 
vascular bundles lie in a ring (comp. Fig. 350), after the manner 
of those of the last-named plants. Immediately Wlow the 
epidermis the fundamental tissue is entirely or partially trans- 
formed into sclerenchyma ; further down come several layers of 
corticular parenchyma cells containing chlorophyll (<•). then 
colourless cortical tissue without chlorophyll, and, finally, in 
the neighbourhood of the fibro-vascular bundles, similar tissue 
composed of somewhat smaller cells. 
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The stoms of the EquiBetuniB are traveraed longitudinally by 



I u pies the 



uumeroua tubular aii-epaces. One of these alwayt 
eeaire of the stem (h) ; in roany species 
(Equuetum paiustre, arvenee) it ia 
of small or of medium diameter; in 
otheia (E. limomtit) it is very large. 
A circle of air-spaces ia alao fouud 
below the epidermis (i), and alternat- 
ing with these ia a second and much 
sn^er set, which lie in close prox- 
imity to the fibro-vascular bundles (g). 

All the Equisetums are per- 
ennial, and possess a solid rhizome, 
which produces a series of tubers 
lying one behind another. 

At the end of the fertile stem 
the sporangia are borne in the 
form of a club-shaped spike or 
bead (a, I.). The spike consists 
of several rows of stalked mush- 
room- or shield-shaped scales {II,), 
■ in which the spores develop. These v 

peltate scales bear about eight h;'!/^ " 
pouch-like sporangia, which open 
by slits on their under and internal EquUitt 
aurface, and so liberate the spoi-e.. £.°5r^.Si.;': ui:^^^ 

The spore is furnished with two md eUte«, aOO times enluged ; 
1 .. / 1 . \ 1-1 VIL Crosi - MCtioD of Btem, tea 

elastic processes (elatera), which, times eolMged. o SpiVe ; 6 Node ; 

when the atmosphere is damp, " Pelute k»Ib ; d stalk of do. ; * 
■, , J^ , . K EUten ; / Spore. (Eipluutiou of 

remain coiled hrmly round it. viL in the text) 
When the air becomes dry, how- 
ever, they gradually unwind (IV., V.), and assist in discharging 
the spore from the sporangium. 

Tlie spore germinates into a small prothnlliuni, which beai-s 
either archegonia or antheridin. The antheridia contain small 
club-shaped spermatozoids, each provided with numerous cilia at 
the pointed end. The spermatozoids fertilise the embryonic 
cells of the archegonia in a manner similar to that observed 
in the mosses and ferns. The product of the. fertilised arche- 
gonium is the spore-bearing Equisetiim above described. 

'llie typo Equiactinoic includes but one order, the Equmiacea, with 




I arvtiue. — I. Vertile 
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ono genus, Equuetum. The genuti Equisetum includes veiy few species 
(Europe 12, Asia 14, America 21, Africa 3, New UoUaiid 0). The 
most common home species are E. arvenee, Telmateja, pratenae, 

Mvaticum, paltudre, limonum, hiemale. The Equisetums aie not now 
so numerous as they were in earlier eras of the earth's history. Many 
fossil forma are met with, among which may be notcl the Calamites, 
which attained the height and girth of trees. They were most plentiful 
during the carboniferous period. 



Type XI. 

Lycopodinks {Clvi-Mosses). 

The Lycopodiue^ are small or iiiedium- sized plaots, with 

strong or slender, repeatedly bifurcating, steins. The leaves are 

linear or scale-like, more rarely flat and green (Figs. 403, 404). 

In the Lycopodiaceit (Fig. 403) the leaves are all of the same size 





Tig. iaZ.—Lgcopodiam inun(£aeu(R, nat liie. I Creeping iteDi ;/ Fhiit4]Mka. 
Fiff. 101. — SdagiHrUa pabttcent, I. Leafy twig, nx tinia enUmd ; II. Ead ot 
twig, with ipika (c), eight timeB enlarged ; t Lateral leave* ; « Median leavea. 

and shape ; in the Sela^inellea; (Fig. 404) a double row of small 
leaves (median leaves, n), find a double row of larger leaves 
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(lateral leaves, J), are found. At the end of the stem the leaves 
are slightly metamorphosed, and form a club-shaped «pike (/, c). 
Id the axil of each leaf in the 
spike arises a kidaey-shaped 
sporaugium, which opens 
laterally. The Lycopodi- 
aceee produce only tme kind of 
sporangia and tyru kind of 
spores (Vni, Fig. 405); the 
Selaginelleie and Isobt«ie pro- 
duce two kinds of sporangia 
(macro^xtratigvi aad micro- 
aporanffia), and tvK kinds of 
spores (macrotporesaad micro- 
aporet). 

Fig. 405 I. represents part 
of the spike of SdoffinrUa 
pubescena, somewhat enlarged. 
Jf is a macrosporangium, 
m m, microsporangia. The 
former is shown separately 
in YL, one of the latter in 
III. The longitndinal sec- 
tion through the spike shows 
the axis («) with its central 







1.-VII. SdagiBdla pidt- 
L LovHT part oE the (piks with 
,.,,,, "-""- »nd inioro»por»ngi» ; ten timta an- 
nbrO - vascular bundle (/), luged. IL The ume, loDgitudinkl Mctian, 
and HAvf>T«1 lAnvnq (ft rfl »oinewh»t dUgr»nim*tic ; twenty timenn- 
ana several leaves \a ay ^^^^^ ^j^ MiOT«por»ngiam ; twenty 

Those to the left are larger, times enlutred. IV., v., MicroaporeBiSOO 

and beat in their axils each *^~ "nUrged. vi. M<^po»ogimn; 

a macrosporangium ( Jf) : the KTent; timee snUrged, VIII. spore of 
RiTiftllpr Iftftvea to thfl rioht ^veopodium eompUnatum ; 3DD timei en- 

smauer leaves lo me ngnc j^^ , g^^ . ^ v««oui»r handle ; b 
bear in their axils each a I/e>T« ; d Letvea of the npike ; a Macto- 
corresponding microsporan- 'P"""*^^ ■ "" "''^P°~'«^'"°- 
gium (m). The microsporangia contain numerous tetrahedrat 
microspores (IV., V.) ; the macrosporangia, again, contain only 
four large, rounded, opaque macrospores (VII.), the surface of 
which is covered with small warts. 

The spore of the Lycopodiacese germinates into a lobed pro- 
thallium, of whose development little is yet known. The sexual 
generation of the Selaginelles has been much more fully studied. 
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In these the microspore is observed to develop in its interior a 
rudimentary prothallinm,. bearing an antheridium, in which 
several spermatozoids are genei-ated. The microspore is accord- 
ingly the male spore. The female prothallium is formed by 

repeated cell-division in 
the interior of the macro- 
spore, which takes place 
while that organ is still 
attached to the parent 
plant, and not full-grown. 
After the spore has be- 
come detached, the rapid 
growth of the internal 
tissues causes the wall to 
give way, when the upper 
part of the prothallium 
slightly protrudes, and 
numerous arch^onia are 
developed on its surface 
(a a. Kg. 406). The 
fertilised embryonic cell 
soon develops into an 
embryo, in which are to 
Fig. 406. be distinguished, as in 

Longitudinal section through the macnwpore the case of the embrVOS 
of SeUtgineUa martenBii, showing the embryo, « . _« _. _ 

the prothaUium, and the endosperm, a a Arche- O* trUC SeCClS, a raoicle 

gonia ; 6 An archegonium at a more advanced (j^)^ a stem (v), and two 

stage ; w Radicle ; v Point of the stem ; k k First i • i ., / 

leaves ; / Foot ; t Pro-embryo ; p True pro- leaf-like Structures (k A), 

thallium ; e Endosperm; A Wall of the macro- J^ prOCeSS (t) from the 
spore ; 165 times enlarged. — (After Pf offer.) ^ ^ ' 

embryo passes upwards 
into the upper part of the prothallium, while it is connected with 
the lower part by tht foot (/). Meanwhile the lower part of the 
prothallium has become modified into a firm tissue of polygonal 
cells (<), which contain a store of nutritive material for the sup- 
port of the young embryo. This part of the prothallium accord- 
ingly corresponds to the albumen (endospenn) of the higher plants. 

The Lycopodinea* are divided into three oitlers : — Lycopodicuxar, 
Isoetecr, Sela{jiiu:llc€c. The two most important are the Lyco- 
podiacese and the Selaginellea;. 

(1.) Lycopodiacece {Clvih Mosses). — Isosporons ; prothallium 
monoecious ; leaves small. 
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The Lycopodiacese comprise four genera, only one of which 
(Lycqpodium) is indigenous in this country. The most important 
species are L, SelagOy annotinum^ davatum, inundatum^ complanatum^ 
aJpinum, The spores of the Lycopods constitute what is vulgarly 
called Lycopodium powder or witch-meal {Semen Lycopodii). 

(2.) Selagindlece, — Heterosporous ; prothallia dioecious, the 
male developing from the microspore, the female from the 
macrospore ; leaves flat. 

One genus, Selaginella^ including two home species, S. Rptnulosn, 
8, helveiiccu 

B. PHANEROGAMS. 

The vascular Cryptogams are distinguished by a well-marked 
constant aUematicm of generations. There are two of these 
generations, a sexual and an asexual. 

The sexv^ generation is the prothallium resulting from the 
germination of the spore ; it produces antheridia and archegonia, 
the latter containing an embryonic cell, from which, after 
fertilisation, arises the asexual plant. 

The asexual generation is the vegetative plant, diflferentiated, as 
a rule, into root, stem, and leaves, the homologue of which is the 
sporogonium of the mosses. On this the spores are found in 
special spore-cases — sporangia — which arise from metamorphosed 
epidermis cells — hair-cells. Only in the highest groups are the 
sporangia to be looked upon as appendages of the leaves. 

The spores of the lower vascular cryptogams are of one kind, 
and give rise to prothallia on which both antheridia and arche- 
gonia are produced. The higher vascular cryptogams {Equi- 
setums) likewise produce but one kind of spores, but these give 
rise to two kinds of prothallia — male, upon which are to be 
found only antheridia, and female, on which are to be found 
only archegonia. The highest of all vascular cryptogams, again, 
produce two kinds of spores (macro- and microspores). The two 
kinds of spores are either found in the same sporangium, or the 
plant bears two kinds of sporangia, macro- and microsporangia. 
The result of the germination of the macrospore is a female pro- 
thallium, of the microspore, a male prothallium. In the Rhizo- 
carpeae the female prothallium protrudes from the macrospore, 
in the Selaginelleae only the archegonium. In the latter the 
prothallium is developed within the macrospore, while that organ 
is still undetached from the parent plant. 
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Thus, while in the lower vasculat cryptt^ama the two genera- 
tions are sharply distiuguiehed from each other, in the highest 
group matters are somewhat simplified by the fiict that the 
sexual generation is partly formed on the parent plant, although 
fertilisation only takes place when the female prothallinm has 
become detached. 

In the Phanerogams the female organ is fertilised, and develops 
an embryo while still on the parerU plant. The microgpores 
(nude cells) produced hy the Phane^'ogami are the pollen grains, 
while the embryo sac of the seed represents the macrospore {female 
eeU). In the heterosporous vascular Cryptogams tbe two kinds 
of spores are always produced on the same plant ; in many 
Phanerogams (dioecious) one individual produces only micro- 
sporangia (anthers), another only macroaporangia (ovaries). In 
the highest Cryptogams only are the sporangia formed by leaves, 
or homologues of leaves ; in the Phanerogams this is always the 
case. 

Series I. 
AsCHISFERHa 

The microsporangia are borne on a 
separate shoot, similar to the spike of 
the Equisetums ; they arise at the 
base of scale-like, shield-shaped leaves 
(antheriferous scales), and are termed 
pdlen-sacs. Their wall consists of a 
delicate membrane, which, when the 
oi^an is ripe, opens by a vertical slit, 
and discharges the microspores ({lollen- 
grains). The pollen-grain (Fig. 261, V., 
p. 165) is divided internally into 
three or four cells, which represent an 
extremely rudimentary prothallinm. 

The macrosporangia either stand 
singly, or are arranged in groups m 
J as to form a spike (fir-cones). In the 
i> latter case they frequently arise in 
iS^.i,^S^^. pair, m the a,il of a wc»dy b„ct 
II. Single otpiuculum with (scale) ; tliev Constitute the orvits. 
fc^.-(Aft« Hofmeirter.) The macrospore is the embryo-aae, of 
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which there may be either one or several in a single ovnle. 
The prothallium — the endosperm — foimed from the embryo-sac 
produces archegonia or corpuscula. Of these there are usually 
several in each sac ; they are not multicellular, like the corre- 
sponding bodies in the vascular Cryptogams, but unicellular 
(Fig. 407, c), except that where they come in contact with the 
apex of the ovule, two small neck-cells are formed (b). Fer- 
tilisation takes place as follows : — ^The pollen grains are carried 
by the wind to the female flower, where the pollen-tube (a) is 
protruded until it comes into contact with the corpuscula, its 
contents thereafter partially blending with those of the large 
embryonic cell. After fertilisation the basal cell (d) is formed 
from the embryonic cell, and from which by repeated division 
the pro-embryo arises (/). From this arise long tubes, which 
penetrate the endosperm. One of these develops into an embryo 
with radicle, plumule, and cotyledons, while the remainder are 
suppressed. 

TypeJC. 

Gymnosperms. 

The Gymnosperms constitute the sole type of the archisperms. 
The ovules are surrounded by an integument, but are not inclosed 
in an ovary. Leaves of peculiar shape and structure surround- 
ing the shoot bearing the sporangium (t.6., floral envelopes) are 
absent in the Gymnosperms. The foliage leaves are mostly 
needle-shaped, scale-shaped, or flat (Fig. 408), with very simple 
venation. The fibro- vascular bundles of the trunk are arranged 
in a concentric circle. Two orders — 

(1.) Cycadacew. — Fern-like plants, with short unbranched stems, 
the surface covered with the scars of the fallen leaves ; leaves 
clustered at the summit, large, pinnate, circinate in vernation 
like fern fronds ; flowers dioecious, consisting only of the sexual 
oigans, arranged in terminal cones ; fruit resembling a berry, 
sometimes red in colour. 

Tropical plants, especially characteristic of the flora of South 
America; found also in the East Indies, Australia, and South Africa. 
Genera — Cycas, Dion, Ceratozamta, Enrephalmios, &c. Cycas circi- 
nalis is a common hothouse species. 
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(2.) Ootii/frm (Pt7t«s).— Trees or shrubs (408, 1.), with simple, 

rarely pinnate (II.), scale-nbaped (III.), or needle-shaped (Fig. 

35, p. 24) leaves; $ flowers moatly 

in cones (Fig. Ill, p. 65); fmit 

I rarely a berry. Fonr families — 

,j' ; a. Taxinea. — LeBvea alternate, fre- 

quently arranged in two rowa ; J flowers 
not arranged in a cone, but consistJnfr 
of a solitary naked orule. One home 
species {Taxut baecala), the yew. 

b, Cupresaineee. — Leaves opposite or iu 
whoria ; J flowera forming a abort, fn^ 
quently berry-like cone. The juniper 
(Junipenu aabiita, J. nana, &c.) is na- 
tive to this country. The cypress 
{Cupreeeus aempervirem), a native of 
Southern Europe, and the Arbot-vittp 
{ThHJa), a native of China ami Japan, 
are favourite ornamental species. 

c Ahietinttt (Pinr-iree*). — Leaves 
alternate, often arranged in two rows ; 
? flowera forming an elongated, wooily 
cone. Abies exceUa, Abut pertinala, 
Pinua alvedris, Pinua (kdrm, and Arau- 
iwia, and many otbcrs, are well-known 
species. 

d. Gn^aeea. — Mostly small ahrube, 
with opposit« jointed branches and small 
leaves. Illustrative genera— £/)Afrfrfl, 
Gnetum, and Wdmitrhia. The last' 
mentioned ia remarkable for its two large 
simple leaves, which frequently attain a 
length of about five feet. 




Fio. 4118. 
Flat Uava of Gj/miuuperiat. 
—I. Salirimriaadiantlfutia. II. 
Pk^iodaduttritlumanoidft. III. 
Scale-lika leavM of Viamireyparii 
uphtrrtOdta. Figa.L. IL,D*t. iiize ; 
III., four timea ealugnl. 



fkrifx II. 
Metasperms or Angiospeuhs. 
The microspores are unicellular pollen-graina (Fig. 20.1, p. 168), 
from which a pollen-tube is protruded, and fertilises the uni- 
cellular archegoniuni. Xo female prothallium is found ; the 
embryonic cell develops directly into the embryo; even an 
endosperm is rarely present. In the Metasperms the two gene- 
rations of the vascular UryptogamR are represented by one, 
while in the Archispcmis a rudimentaiy prothallium still occurs. 
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The macrosporangia (ovules) are mostly surrounded by a 
double integument, and by leaf-like organs, the carpels. These 
together form the ovary or protective covering for the young 
ovules, which is absent even in the Coniferse. 

The fully developed embryo (with plumule, radicle, and cotyle- 
dons, comp. p. 78) is enveloped by the two integuments, these 
together constituting the seed. 

The organs in which the pollen and the seeds are developed 
(anthers and ovary) are surrounded by whorls of leaves, differing 
in form and colour from the foliage leaves, and constituting the 
floral envelopes (calyx and corolla) ; in some cases, however, the 
calyx and corolla are suppressed. 

The two types of Metasperms, monocotyledons and dicotyle- 
dons, have already been described, the three first sections of this 
work having been almost entirely devoted to the consideration 
of their characteristic features. They not only claim the highest 
place in Systematic Botany, but are in reality the most highly 
developed members of the vegetable kingdom. In the number 
and variety of forms, especially in the number of individual 
families, they far exceed all other vegetable types. The latter — 
for example, the Equisetaceae, the Lycopodiacece, the Selaginellese, 
and the Cycadacese — seem to have attained their most abundant 
development in past periods of the earth's history, and are now 
on the wane. In our own time the Phanerogams are in the 
ascendant. 
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Guard-Cells, 
Gum, 

Hairs, . 

Defensive, 

Function of, . 

Multicellular, 

Secretory Function of, 
,, Unicellular, 
Hales, . 
Head of Lepturidie, 
Height of I'rees, 
Heliotropism, . 
Hermaphrodite, 
Heterosporoun, 

HiSTOLOOT, 

Homologous, . 
Honey, 
Honey -Birds, . 

„ Tongue of, 

Honeycomb, 
Humble-Bee Fly, 
Humming'Birds, 

,, Tongue of, 



268, 282 
257 

79, 280 

80 

79, 80 

280 

300 

280 

235 

199 

13 

3(»9 

58, 163 
342 
271 
2:J8 
181 
206 
206 
202 
200 
206, 207 
207 



Hymenium, 

Hymenoptera, . 

Hyphs, .... 

HypochloTin, . 

Hypogynous Floral Envelopes, 
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321 

201-205 

317, 322 

262 

39 



Indusium, .... 339 

Inequality of Styles, . 189 
Inflorescenoe^&f Anthotazis. 

Inoen-Houss, . 235 

Inner TAwiinA^ 252 

Insect-fertiliseid Plants, 178 

Insect-Guides, . . 186 

Field Pink, 187 

Hemp-nettle, 187 

Pansy, . 187 

in the Pink, 187 

Speedwell, . 187 

Wound-wort, . 187 
Intercellular Canals, Secretory 

Function of, . 300 

,, Passages, . 272 

„ Spaces, 247,272,283,294 

Insectivorous Plants, 32 

Insertion of Stamens, 49 

Intussusception, . 245, 263 

Inulin, 265 

Involucre, .... 31 

of Centaury, 194 

Thistle, . 194 

Isosporous, . 341 
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Kinds of Fruit, 



234 

48 
71 
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Tabular View of, 72, 73 
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Labellum, . . . . 217 

„ of Helleborine, 22t) 

Lahabck, .... 234 

Lamina, 18 

Latent Buds, . 17 

Laticiferous VohhoIs, . 300 

„ of Celandine, 300 

„ of Dandelion, 300 

„ of Lettuce, 3iK> 

Latis(*ptate, . 75 

Latticed Cells, . 291 

Laws of Phyllotaxis, 35 
I^af -arrangement— >>r Phyllotaxis. 

,, ,, in Conifene, 37 

PUntagcv 36 
Leaf-Buds, .... 
Leaf, Parts of th«), . 
Leaf- Scale, 

Leaf-Scars, .... 
Leafstalk— 5ff Petiole. 
Leaves — 

Acicular, 21 
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Alternately pinnate, 

Axils of, . 

Bipinnate, 

Cleft, 

Cleft orbicular, 

Compound, 

Cordate or Heart-shaped, 

Cordate sagittate, 

Crenate, . 

Decompound. 

Dentate, . 

Doubly serrate, 

Elliptical, 

Hastate, . 

Impari-pinnate, 

Kinds of, . 

Lanceolate, 

Linear, 

Linear lanceolate, 

Lobed, 

Lobed elliptical, 

Margin of, 

Oblong-cordate, 

Oblong reniform. 

Orbicular cordate, 

Orbicular or Circular 

Ovate, 

Ovate-lanceolate, 

Ovate reniform, 

Palmate, 

Pari-pinnate, 

Peculiar Forms of. 

Pinnate, 

Pointed cordate, 20 

Pointed elliptical, 20 

Pointed ovate, 20 

Pointed reniform, . 20 

Reniform, or Kidney -shaped, 19 

Runcinate, ... 26 

Sagittate, ... 21 

Serrate, .... 25 

Sessile, .... 27 

Shapes of, ... 18, 26 

Simple 18-22 

Spinous 26 

Trifoliolate, ... 23 

Tripinnate, ... 23 

Leaves, The, of Dicotyledons, 116 

„ ,, of Monocotyledons, 103 

,, of Mosses, . 272 

liCgume, 74 

Lepidoptera, .... 196 

Lichens, 314 

Life, Meaning of the term, . 240 
Light, Chemical Action of, on 

Growth, . . 808,309 

,, Mechanical do. . 307 

Lignification, . 246, 247 

Lignin, 247 



23 
16 
23 
22 
22 
22-24 
19 
22 
26 
25 
26 
25 
19 
21 
23 

16, 27, 34 
20 
24 
21 
22 
22 
25 
20 
19 
20 
19 
19 
20 
19 
22 
23 
24-26 
22 



Ligulate, 
Ligule, . 

LlNNAUB, 

Loculi, 

Lodiculs of Grasses, 

Lomentum, 
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128 
29 
234 
340 
113 
75 
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Macrospokanoia, . 347 
Macrospore, 342, 347 
Magnesium Phosphate, . 265 
Male Flowers, ... 163 
Malpighius, .... 235 
Medulla, .... 278 
in Dicotyledons and Coni- 
fers, ... 294 
in Monocotyledons, . 294 
Medullary Rays, ... 294 
Meristem, 274, 297 
Mesocarp, .... 71 
Mesophyll, .... 297 
Microsporsngia, 347 
Microspore, 342, ^47 
Middle Lamella, ... 247 
Middle Lamina, 252 

Midrib, 18 

Milky Juice 300 

Modification of Leaves for the per- 
formance of special functions, 81 
Monocotyledons, Characters of, 101, 102 
Monocotyledonous Fibro- vascular 

Bundles, .... 288 

Monoecious Flowers, 59, 163 

Morphology, .... 8 

,, Definition of, 286 

Mother-Cell, .... 321 

Moths, 196 

Movements of Leaves, 32 

Movements of Protoplasm, 258 

Multicellular Hairs, . 321 

Muscardine, .... 318 

Mycelium, . . 317 

Naked Cells, 244 

Napiform Tap-roots, 6 

Nectar, . . . 181 

Nectaiy, 181 

,, The position of, in Ane- 

mophilous Plants, . 185 

of Buttercup, . 182 

Columbine, . 183 

Grass of Parnassus, 183 

Helleboro, 182 

Monk's-hood, 183 

Umbellifene, 182 

Violet, . . 182 

Yellow-rattle, 182 

Neuter Flowers, . 163 

Nuclear Plate, ... 268 

Nucleolus, . . 243, 260 

Nucleus, .... 255, 260 
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Nut, 

„ Winged, . 
Nutrition of Plants, 

OiL-G LANDS, . 

0(^omum, 
Ooaphere, 
Oospore, . 
Open Bundles, 

„ Pits, 
Operculum, 
Opposite Leaves, 
Orders of Fungi, 

„ of Monocotyledons, 
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73 
74 

301 

800 
329 
334 
318, 330 
289 
291 
336 
34 
319 
103 



Organic substances, Elaboration of, 283 

Organography, . 236 

Organs of Secretion, 299 

Oi^n of Cells, ... 266 

„ of Secondary Koots, 299 

,, of Tissues, . . 267 

Ovary, . . .38, 53, 350 

,, of Enchanter's Night-shade, 194 

Ovules, .... 56, 350 



Palu, 113 

Panicle, 66 

Pappus, . .44, 51, 128 

, , of Bulrush ( Typka A iigusti- 

folia), ... 227 

„ Composits, 226 

„ Pennisetum, . 227 
Parachute, .... 227 
„ ofHawkweed, 227 
Parallel venation of Monocotyle- 
dons, 101 

Paraphyses, 321 

Parasitic Plants, ... 7 

Parenchyma, . 250, 277, 293 

Partial thickening of Cell-wall, 253 

,, ,, Examples of, 253 
Peculiarities of Entomophilous 

Plants, .... 189 
Peduncle — tu Flower-Stalk. 
Peltate Leaves, ... 28 
Pentameruus Flowere of Dicoty- 
ledons, .... 101 

Pepo, 77 

Perfoliate Leaves, ... 27 

Perfume as an attraction to Intwctji, 1 SO 
Perianth — kc Floral Envelopes. 

Periblem, .... 297 



Pericarp, 
Periderm, 
Peridium, . 
Perigynouti, 
Peristome, 

Permanent Tissue, . 
Petals, . . 

„ of Nyniphieacea>, 
Petiolate, 
Petiole, . 



71 

286 

324 

:i9 

335 

268, 289 

. 38. 44 

154 

28 

. 18,27 
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Phanerogams, Systematic amnge- 
ment of, ... . 100 

Phloem, 290 

Phyllotaxis, 
Physiology, 

„ Definition of. 

Pistil— 5<» Ovary. 
Pith, .... 

,, of Root, . 
Pits, .... 

Pitted Cells of Yew, 
,, vessels, . 

Placenta, 

Placentation of Centrosperms, 
Plasmodium, . 
Plastic, .... 

„ Materials, 
Pleuro-Carpous M o ss e s, . 
Pleurome, 
Plumule, The, 
Pointed Hairs, 
Pollen, 

Grain, 

,, Structure of. 
Grains of Colt's-foot, 
Hasel, 



.62, 
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Haxelwort, 
Hepatica, 
Ortdiids, 165, 
Pines, 
„ Size of, 
MasseB, 

of Anemophilous Plants 
Quantity of. 
Sac, 

Transference of, by 
Tube, . 
Pollinia, . 
Pome, 

Position of the Nectary, 
of the Ovary, 
of Stamens, 
Potato Disease, 
Premorse Roots, 
Prickles, . 
Prickly Fruits, 
Primary Meristem, . 

„ Roots, 
Principles of CUasificatioD 
Procambium, . 
Pro -embryo, 
Prosenchyma, . 
Protandry, 

Protection from injurious 
Proteids, . 
Protein Granules, . 
Protenchyma, . 
Prothallium of .Vabcularia, 
Protogyny, 
Protonema, 
Protoplaim, 



84 

162-234 

239 

294, 295 
297 
251 
252 
255 

57 
139 
317 
258 
257 
336 
297 

78 
280 
164, 183 
350 
167 
165 
164 
165 
165 
215, 217 
165 
165 
165 
172 
165 
350 
Animals, 178 
167 
165 

77 
184 

39 

49 

319 

6 

SO, 280 

230 

274 

4 

239 

288 

335 

250. 277 

117 



Insects, 194 
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265 
294 
337 
117 
335 
243, 255, 257 
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Pyzidium, 76 

Raceme, .... 66 

Racemose, .... 61 

Radicle, The, .... 78 

Raphides, .... 266 

Receptacle 318 

,, of Rosiflone, . 146 
,, See Thalamus. 

Reduplication, ... 94 

Rejuvenescence, . 328 

Replum 156 

Reproduction, Asexual, . 814 

Sexual, . 314 

of Fungi, . 317 

of Phanerogams, 349 
of Saccharomycetes, 315 

of VaucheriiB, . 329 

of Zygosporee, . 328 

Resin, 300 

Respiration, . 285,302 
Resting-Spore, ... 328 
Reticulated Venation of Dicoty- 
ledons, 101 
,, Vessels, ^55 
Rhizoids, .... 337 
Rhizome, .... 9 
of Menjranthes, . 9 

Rind 275 

The, . . 3, 4-8 

of Dicotyledons, . 116 

, of Monocotyledons, . 103 

Root-Cap, .... 297 
Root-Hairs, ... 79, 297 

Root-Pressure, 305 

Root-Sheath, .... 297 
Root-Stock— i$<fc Rhizome; 

Root-Tissues, .... 297 

Roots, Aerial 7 

Aquatic, ... 7 

Fasciculated, 5 

Fibrous, ... 5 

Fusiform, ... 6 

Kinds of, . . . 4-7 

Napiform, ... 6 

Premorse, ... 6 

Primary, ... 4 

Secondary, ... 4 

Tap 6 

Tuberous, ... 6 

Rostellum, . 214 

Rotation of Protoplasm, . 258 

Samaba, .... 74 
,, of Maple, . 160, 225 

Sap, 241 

Scalariform Vesseln, 255 

Schizocarp, .... 74 

Sderenchyma, 294 

Secondary Root, ... 4 

Secretion, .... 285 

Secretions, Fanctions of, . 299 
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Seed, The, .... 78-79 
Seed-Coat, The, ... 78 

Seed-Leaves — See Cotyledons. 
Seed, Protection of the, . 229 

Segmentation, .... 267 
Self-feriUisation, 168 

Sepals, 38, 42 

Seta, 336 

Sexual Generation of Phanerogams, 349 
,, „ of SeUgineUes, 347 

Short-styled, . 190 

Sieve Tubes, .... 291 
Silica, .... 248, 266 
Siliceous Skeletons of Horsetails, 248 
„ „ Diatoms, 248, 328 

Silicula, 75 

Siliqua, 75 

,, Characteristic of Cruciferse, 75 

291 

339 

65 

30 

81 

98 

317, 330 

317 

65 

261 

255 

317, 339 

345 



Soft Bast, 

bonis, .... 

Spadix, .... 

Spathe, . , . . 

Special Functions of Leaves, 

Species, Definition of, 

Spermatozoid, . 

Sperm-Cell, 

Spike, .... 

Spiral Bands of Chlorophyll, 

, , V esseis. 
Sporangia, . 

of Equisetums, 
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Spores, .... 269, 313 

,, of Botrjfdium grantUcUum, 269 

,, Fibro- Vascular Bundles of, 314 

„ Reproduction of, . 318 

Sporocarp, . . 3S2, 342 

„ of Rhizocaqieee, . 343 

Sporogonium of Mosses, . 334 

Stamens, .... 38, 49-53 

Function of, . 164 

of Cruciferffi, . 156 

of Fumariacese, . 155 

of LeguminosiB, . 149 

Position of, in Anemo- 

philous Plants, 174 

Standard, .... 48 

Starch-Cellulose, ... 264 

„ Granules, . 262, 263 

,, ,, of Euphorbi«4S, 263 

,, ,, of Potato, 264 

,, Storing of, during Winter, 306 

Stellate Leaves, . 280 

Stem. The, . . . 3, 8-14 

of Dicotyledons, 116 

of Equisetum, 344 

„ Air-spaces in, 345 

Function of , . . 8 

of Monocotyledons, 103 

Structuh;of, . . 242 

Stems, Aerial, 9, 11-15 

„ Herbaceous, . . 12 
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9-15 

15 

9, 10 

13 

12 

38, 56, 166 

Plants, 174 



Stems, Kinds of, 

Leafy, 

Subterraneanf 

Twining, 

Woody, 
Stigma, ^16, 

of Anemophilous 

Forms of, ... 167 

Hain of, . 167 

of Orchids, . . 217 

Position of, in Anemo« 

philous Plants, . 1 85 

Surface of , . 166 

Stigma, 38, 56 

Stings, 80 

Stipulate, Stipules, ... 28 

Stolon, ..... 14 

Stomata, 281 

,, Function of, . 283 

Striffi of Starch Granules, ' 263 
Structure of Orchids, 108, 213 

Style, 38,56 

„ Hairy, of Pasque Flower, 226 

Subcutaneous Layer, 279 
Suberin, .... 248, 279 

Subterranean Leaves, 27 

Sugar 257, 264 

Summer>Spore, . 320 

Suture, 54 

Swarm-Spore, . 318 

Symbiosis 322 

System, 239 

Systenuktic Botany, . 82 

Systems of Tissues, ... 277 

Table showing leading Vegetable 
Types, . . . 312, 313 

Tabular View of the various Forms 
of Inflorescence, . 63-64 



Tap-Root, 

Teleutospore, . 

Tendrils, 

Thalamifloral Flowers, . 

Thalamus, 

Thallophytes, . 

Thallus, .... 

„ of Fungi, . 
Thickening of Cell- Wall, • 
Thorn, .... 
Thrush, .... 
Tissue, .... 

TOURNKKORT, Db, . 

Transformation of Stamens 

Petals, .... 
Transpiration, 
Transport of Seeds and FruiU, 

by Animals, 
by Water, . 
„ „ by Wind, . 

Trimerous Flowers of Monocoty 
ledons, .... 
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320 

14, 31 
49 
38 

•286, 314 
314 
317 
246 

15, 81 
316 
271 
234 
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223 
227 
224 
225 

101 
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Trimorphism, Trimorphic, 192 

„ of Loosestrife, . 192 

Tuber, 10 

of Gymnadenia, 10 

Platanthera, ... 10 

Tuberous Roots, ... 6 

Tubular Corolla, 128 

Turgesoence, .... 303 

Umbel, Compound, ... 67 

,, Simple, ... 67 

Umbellate Inflorescence, . 62 

Unguiculate, Unguis, 44 

Unicellular Haiv, . 321 

„ Plants, ... 271 

Union of Parts in the Flower, . 40 

Unisexual Flowers, . 58 

Uredospore, .... 320 

Vacuoles, . 243, 256 

Valves of Hound's-Tongue, 195 

Variation from the Fundamental 

Type in Dicotyledons, . . 115 
Variation from the Fundamental 

Type in Monocotyledons, 102 

Varieties of Hairs, . . 280 

Vascular Bundles, . 275, 277, *2S^6 

of Ferns, . 286 

of Muscineie, 286 

Cylinder of Root, . 297 

Sheath of Root, 297 

Tissue, . 254, 286, 288 

301 

326 

IS 

18 

18 

18 

34 

254 

4$, 149 

321 
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Vegetable Physiolog}', 
Vegetative Body of Algte, 
Veins, 
Venation, 

,, Parallel, . 

,, Reticulated, 
Verticillate Leaves, 
Vessels, . 
Vexillum, 
Vine Disease, 
Viscid Pollen of Entomophilous 
Plants, 

Wasps, . 

Whorled Leaves — Sec Verticillate. 

Wind-Fertilisation, . 

Winged Leaves, 

,, Nuts of Ash, 
„ of Elm, 
Wings, 

,, of Bignonia, 
Winter-Spore, 
Wt)od, 
Wood-Cells. 
Wood-Fibres, . 
Wood-Vessels, 

Xtlem, . 

Zoospores, 

Zoosporangium, 

Zygospore, 



184 
201 



170 

28 

226 
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225 

320 

247, 290 

291 
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331 

319, 328 



INDEX TO SYSTEMATIC BOTANY. 



In this Index the Names of Classes are printed in Large Capitals; Sub-Classes, 
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Abutilon, . . . . 


159 


Amanita, .... 326 


Abieft, 


352 


Amaryllis, 






107 


Abietinejb, . . . . 


352 


Ambljstegium, 






337 


Acada, 


150 


AMEN T ACE df., . 






133, 134 


„ Catechu, 


151 


American Aloe, 






107 


,, nilotica, 


151 


American Currant, . 






231 


„ Sajal,. . . . 


151 


AMPELIDEiE, . 






161 


„ Vereck, 


151 


Ampelopsis, . 






161 


ACEBINEiB, . . . . 


160 


AMTODALACEiE, 






147 


Acer campestre. 


160 


Amygdalis, 






148 


,, monspessalanum, 


160 


„ Communis, 




148 


,, Negundo, 


160 


,, persica. 




148 


,, platanoides, . 


160 


Anacharis, 




105 


,, Pseudo-PlatanuB, . 


160 


Anagallis, 




130 


„ saccharmum, . 


160 


Ananierta cocculu?, 




152 


Achillea, . . . . 


130 


Anchusa, 




125 


Aconitmn, . . . . 


153 


Andresea, 




336 


Achorion, . . . , 


318 


A3HDKEMA.CEM, 




336 


Aconu 


111 


Andromeda, 




132 


Acteea, 


153 


AXBMOMEiE, . 




153 


Adder'r Tongue, 


340 


Anemone nemoroHa, 




153 


Adiantum, 


340, 342 


,, ranunculoldet). 




163 


Adonis, . . . . , 


153 


Anetbum, 




143 


Adonis aestivalis, 


153 


Aneura, . 






835 


„ yemalis, 


153 


Angelica, 






144 


Adoxa, 


127 


Angelica, 






144 


^SCULINjE, 


134, 159 


Angiopteris, . 
ANGIOSPERMS, 






840, 342 


.^EsculuB camea, 


160 






352 


, , hippocastanum, 


160 


Anise, 






143 


^thalium, . . . . 


317 


ANONACEJi, . 






152 


Agapanthus, . . . , 


108 


ANTHEMIDEiE, 






130 


AOARTCINI, 


325 


Anthemis, 






130 


Agave, 


107 


Anthoceros, . 






335 


A GGREQA T.€, . 


117, 127 


AnthriscuB, 






144 


Agrostemma, . 


140 


Anthurium, . 






111 


Ajuga, 


125 


Anthyllis, 






150 


Ajuoe^ 


124 


Antirrhine^e, 






122 


Aldir, 


135 


Antirrhinum, . 






122 


Alga, .... 


250 


Apium, . 






143 


ALQ^, 


326 


AppU, . 






147 


Alisma, .... 


104 


Apricot, . 






148 


Alismaciue, . 


104 


Aquilegia, 






153 


Allium 


108 


Arabis, . 






167 


Almond, . . . . 


148 


Arace£, 






110 


Alnus 


135 


Aralia, . 






144 


Alopecurus 


114 


ARALIACEiE, .. 






144 


AlSINEiB, 


140 


Arbutus, 






132 


Althna, 


159 


Archangelica, . 
ARCHISPERMS, 






,• 144 


Alyssum, . . . , 


157 






360 


Amabtludaoe^ . 


106 


Arcidiimi, 






320 
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ArctustaphyloB, 


132 


Beetroot, . 140 


Arctium, 


130 


Beggiatoa, 






315 


Arenaria, 


140 


Bell-heath, 






132 


Arenga, 


112 


Bdl'hyarinth, 






108 


Argopodium, . 


144 


Bellis, 






130 


Arisiolochia, . 


142,220 


BSRBERIDEiB, . 






151 


,, ClematitiB, . 


142 


Berberis, 






152 


ArI8T0L0CUIAC]L£, . 


141 


Beta, 






140 


Armeriai 


118 


Betula, 






135 


Arnica, 


130 


„ alba, 






135 


Amoseris, 


130 


„ nana, 






135 


Aroideje, 


111 


,, pubesoens, 






1S5 


Arrowrootf 


109 


Betulac&£, . 






135 


Artemesia, 


180 


Biatora, . 






823 


iEthiua, 


144 


BWORNES, 






118, 131 


ARTOCARPEit., 


138 


Bidens, . 






130 


Artocarpus, . 


138 


BUberry, 






131 


Arum, . . . . 


111 


Bindweed, 






120 


„ maculatum^ . 


111 


Birchf 






185 


Arums, 


110 


Birth -wort. 






141, 220 


Asarum, 


142 


Bl/trk Pojiar, 






137 


,, europseum, 


142 


Black WfvoHleberry, 






131 


ASCOXTOETES, 


320, 821 


Bladder-Fern, 






342 


ABComyceteH, 


322 


Bladder- Wrark; 






382 


ABparagus, 


108 


Blasia, . 






385 


Asparagus, 


108 


Blechnum, 






342 


Aspen, • . • . 


137 


Boghean, 






119 


AspergilluB, 


321 


Bog Mosses, 






336 


Asperula, 


127 


„ Primrose, 






130 


Aspidium, 


342 


Boletus, 






826 


Asplenium, 


34^ 


Bombaz, 






159 


ASTEROIDEA, . 


129, 130 


Borage, * 






125 


Astragaluit, 


150 


BORAQINACKAC, 






125 


,, creticui, 


150 


Borago, 






125 


„ Tragacantfaa, 


150 


Botrychium, . 






842 


verua, . 


150 


Botrydium, 






250 


Atriplex, 


140 


Botrytis, 






818 


Atropa, . 


120 


Bovista, . 






825 


Attar of Roses, 


148 


Brachythecium, 






837 


Auricula, 


131 


Bracken, 






842 


Avena, 


114 


Bramble, 






148 


Azolla, . 


344 


Brasnica, 
BrazU Wood, . 






157 
151 


BacillariaoejE, 


328 


Bread Fruit, . 






188 


Bacillus, 


315 


Briza, . 






114 


Bacteria, 


315 


Bromei.tacea, 






107 


Bacterium, 


315 


Bromus, 






114 


Balsam, 


231 


Broom, . 






150 


Bamboo, 


114 


Broom-rapes, . 






122 


Banana, 


109 


BRTACE.C, 






886 


Barberry, 


151 


Bryonia, 






126 


Barbula, 


337 


Bryony, , 






126 


Barley, 


114 


Bryopus, 






250 


Babidiomtcetes, 


324 


Bryum, . 






887 


Batotas, 


120 


Buckthorn, 






161 


Batrachium, . 


153 


Buckwheat, 






189 


RatrachcMpermum, . 


333 


Bulbochete, . 






381 


Bean, 


150 


Bulrush, 






115 


Bearbind, 


120 


Bupleurum, . 






143 


Beeck, 


136 


Burdods, 






130, 281 
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Burr- Marigold, 

BUTOMR^^ 

Butomua, 




Buttercup, 
Butter/ty Orchis, . 




Cabbage, 

CABOMBKiB, 

Cesalpinia, 




Calamite, 




Calamus, 




Calla, . 




Galluna, 
Caltha, . 




Calystegia, 
Camomile, 




Campanula, . 
Camfanclacbjs, 
Campion, 
Canna, . 
Cannabinkc, . 
Cannabis, 




Canterbury Bell, 
Cantharellus, . 




CAPRIPOLIACEA 


?, 


Cafrhtoliaceje, 




CapseUa, 

Capsicum, 

Calamine, 




Carduus, 
Carex, . 




Carioinkic, . 




Camaticn, 




Carob Bean, . 




Carpinus, 

CARFOSFOREiE, 




Carraway, 
Carrot, . 




Carum, . 




Cabtophtlle/E, 
Cassia, . 




Castanea, 




Castor OU, 




CaUhJty, 
Catkin-bearers, 




Catmint, 




Caulerpa, 
Cayenne Pepper, 
Cdandine, 




Celery, . 
Centaurea, 




CENTROSPERMA 


?, 


Cephalanthera, 




Cerastium, 




Ceratodon, 




Centonia, 
Ceratozamia, . 





117. 



ir 



^AOB 




PAOB 


180 


Ceroxylon, 


. . 118 


184 


Cetraria, 


323 


104 


Chamierops, . 


112 


153 


Champignon, 


826 


218 


Chara, . . . . 


830, 382 




Characb^e, 


327, 882 




Chaerophyllum, 


144 


157 


Chffitocladium, 


818 


154 


CheiranthuK, . 


157 


151 


Chelidonium, . 


156 


151 


CHENOPODliB, . 


140 


346 


Chenopodium, 


140 


112 


Cherry, . . . . 


148 


111 


Chestnut, 


186 


132 


Chick-pea, 


150 


153 


Chicory, . . . . 


130 


120 


Chinese Primrose, . 


131 


130 


CHORIPBTAI^^, 


116, 132 


126 


Chrysanthemum, . 


130 


126 


Cbrysobalakkje, . 


148 


140 


Chrysosplenium, 


145 


109 


Cicer, , . . . 


150 


138 


CiCHORRA, 


130 


138 


Cichorium, 


130 


126 


Cicuta, . . . . 


144 


326 


Cinchona, 


127 


126 


Circiea, . . . . 


146 


126 


Cirsium, 


130 


157 


Cistacka, . , 


157 


120 


CISTIFLOR^, . 


134. 157 


157 


Cladonia, 


323 


130. 


Clavaria, 


325 


115 


Clavariei, 


824 


115 


Claviceps, 


821 


140 


Clbmatidejs, . 


158 


151 


Clematis, 


158 


135 


Climacinm, 


337 


327 


Clover, , 


160 


143 


Club-Mosses, . 


346 


143 


Cocculun Indicus, . 


152 


143 


Cochlearia, 


157 


140 


Cocoa-nut, 


112 


151 


Cocoa Nucifera, 


112 


186 


Coffea, . 


127 


141 


Coffee, . 


127 


140 


ColeocluBte, 


381 


134 


CoU's-foot, 


130 


125 


COLUMNIPERjE, 


134, 157 


250 


Colza, . . . . 


157 


120 


COMFOSITJB, . 


129, 130 


156 


CONFRRVAGEJS, 


832 


143 


CONIFERiB, 


852 


130 


Conium, 


144 


138 


CONTORTS, 


117, 118 


219 


Con VOLVULACEiE, 


120 


109 


Oonvolvtdus, . 


120 


140 


Cordiceps, 
Coriander, 


818 


337 


148 


151 


Coriandrum, . 


148 


851 


Cork, . . . . 


186 



366 



INDEX TO SYSTEMATIC BOTAyY. 









PAOB 




PAOB 


CORM0PHYTE3, 286 


Datura, .... 


120 


CORNACEA, 


144 


Daucus, 


143 


Com-cochU, 




140 


Day Lilies, 


108 


Cornelian Cherry^ . 




144 


Deadly Nightshade, 


120 


Con^fUnoer, 




130 


Dead-Nettle 


125 


Corn-mildew, 




320 


Delphinium, . . . , 


153 


Comus, . 




144 


DE8MIDIACB£, 


327,329 


„ mascola, 




144 




145 


CORONA RI A, 




103, 107 


DianthuB, . . . . 


140 


Corticium, 




823 


DiATOMACEJt, . 


327 


CorydaliB, 




156, 211 


Diatoms, 


828 


CoiyluB avellana, . 




135 


Dicksonia, 


342 


„ tubnlosa, 




135 


DICOTYJLBDONS. 


115 


Cotton- Grass, . 




115 


Dicranella, 


336 


CoUon Plant, . 






159 


Dicranum, 


336 


Cotton- Tree, . 






159 


Didymochlfena, 


340 


Cranberry, 






131 


Dielytra, 


156 


Crane^B-hiU, 






159 


DiOITALEJE, . 


122 


Cratsgus, 






147 


Digitalis, 


122 


GrepiB, . 






130 


DiU, .... 


143 


Crocus, . 






106 


Dion, .... 


351 


Crowfoot, 






152 


Dionsa, 


33 


Cruciferjs, . 






156 


DlPSACEJB, 


127 


Cucumber, 






126 


DipBacuB, 


128 


CucmniB, 






126 


DiSCOMTCETES, 


321 


Cucurbita, 






126 


Dock, .... 


130 


CUCURBIT ACE JR 


f • 


117, 125 


Dodder, .... 


120 


COCUBBITAOILE, 




125 


Dogrose, . . . . 


148 


CUPRR88INEJE, 




852 


Dogwood, . . . . 


144 


CuprefniiH, 




352 


Dog Violet, . . . , 


157 


CUPULIFSRA, . 






135 


Dondia, 


143 


Curcuma, 






109 


Draba, 


157 


CMrrant, 






145 


Dragon's Blood, 


lis 


Cuscuta, 






120 


DroBera, . . . . 


33 


Cyathia, 






342 


Droseracs^ . . . . 


157 


Ctatuus, 






325 


Dry-rot, 


326 


Gycadacea, 






851 


Durra, 


114 


Cycas, . 






351 


Dwarf Birch, . . . . 


135 


Cyclamen, 






131 


Dwarf Cherry, 


148 


Cyclanthace^ 


B. 




111 






Cydonia, 






147 


Echium, . . . . 


125 


Cynarea, 






130 


FilaTB 


lis 


Cynoglossom, 






125, 230 


Elaphomyces, . . . . 


322 


Cyperacejs, , 






114 


Elder 


127 


Cyperin^, 






115 


Elecampane, . . . . 


180 


Cy penis, 






115 


Elm, . . . . . 


137 


Cy^reu, 






352 


Encephalartos, 


351 


Cypripedium, 






109 


£tiefianter*s Nightshade, . 


146 


Cystopteris, 






342 


Endophyllum, 


320 


Cytisus, 






150 


ENSAT^, . 

EPACRIDACEiE, 


103, 106 
132 


Dactylis, 


p 




114 


Ephedra, . . . . 


352 


Dedalea, 






325 


Epilobium, . . . . 


146 


l^aUy, , 






130 


Epimedium, . . . . 


152 


Damson, 






148 


EgVISETACEiE, 


345 


Danfea, . 






342 


Equisetomes, . . . . 


344 


Dandelion, 






130 


Equisetum, . . . . 


344 


Daphne, 






141 


Eiigot of Rye, 


321 


Darnel, . 






114 


Erica, 


132 


DaU'Palm, . 


1 




112 


ERIOACEiK, . . . . 


131 
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Eriophorum, . 

Eroaium, 

Ervmn, . 

Eryngium, 

Erysimum, 

Erysiphe, 

ERTSIPHia, 

Erythrasa, 
£r3rthriiiA Crista gall 

EUPATOBI^ 

Eupatorium, . 

Euphorbia, 

Edphorbiacea, 

Euphrasia, 

Eurhynchium, 

Eurotium, 

Evening Primrose, 

Everiaating Pea, 

Eyehrightf 

Fagua, . 

antarctica, 

betuloides, 

femiginea, 

obliqua, 

sylvatica, 

Fegatella, 

Femif 

Festuca, . 

Ficus, 
,, carica, . 
,, elaatica. 

Fig, . . 

Filago, . 
Filamentovs Alga, 
Filbert, . 
FiLJCES, 

FlLICKS, . 

FILICINEjE, 

FisaideiiB, 

Fistulina, 

FLORIDKiB, 

Floweiiog Plants, 

Fly-Agaric, 

Fly Orchis, 

Fceniculum, 

Fontinalis, 

FooTa Pardey, . 

Forget-me-not, . 

Foxglove, . 

Fragaria, . 

FRANGULINjB, 

Fraxinus, 

Fritillaria, 

FritiUary, 

Fmstulia, 

FUCACKS, 

Fuchsia, 
Fucus, 
Fuller*i ThUtU, 
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159 
150 
143 
157 
321 
321 
119 
149 
129, 180 
130 
141 
141 
122 
837 
321 
146 
150 
122 

136 
136 
136 
136 
136 
136 
335 
339 
114 
138 
138 
138 
188 
130 
329 
135 
339 

340, 341 
339 
337 
325 

827, 332 
100 
326 
216 
143 
337 
143 
125 
122 
148 

134, 161 
119 
108 
108 
328 

827, 332 
146 
332 
130 



Fumago, 
Fumaria, 

FUMARIACEJE, 

Fumitory, 
Funaria, 
FUNOI, 
Funkia, . 

Gagea, . 
Galanthus, 
Galeopsis, 
Galium, . 
Gastbromtcetes, 
Geaster, . 
Genista, . 

GBNTIANACEiE, 

Gentians, 

GBBANIACEir, 

Greranium, 

Geum, 

Gibba, . 

Ginger, . 

Gladiolus, 

Glechoma, 

GLVMACEjE, 

Glycirrbiza, 

Gkaphaltje, 

Gnaphalium, 

GNBTACEiE, 

Gnetum, 

Goai-WiUaw, 

Goat^s beard. 

Gooseberry, i 

Goosefoot, 

Gossypium, 

Gourd, 

Graminea, 

Grasses, , 

Greengage, 

Grimmia, 

Ground-Ivy, 

Groundsd, 

GRUINALES, 

GueUUr-Rose, 

Gum Arabic, 

Gum Catechu, 

Gymnoasci, 

Gymnoascus, 

Gjonnosperms, 

GYNANDRjE, 

Habenaria, 

Hematoxylon, 

Hard-Fern, 

ffare-BeU, 

HarfsTongue, 

HawVs-beard, . 

Hawhoeed, 

Hawthorn, 
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156, 211 
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817 
108 
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125 

127, 280 
324 
325 
150 
118 
118 
159 
159 

148, 230 
111 
109 
105 
125 

103, 113 
150 
130 
130 
352 
352 
137 
130 
145 
140 
159 
126 
113 
118 
148 
837 
125 
130 

134, 159 
127 
151 
151 
321 
821 
351 

103, 108 

218 
151 
342 
126 
840, 842 
180 
130 
147 
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PACK 


Hazd, 185 


IllecebruiD, 


140 


Heath, 


1 


131 


ImmorttUet, 


130 


Hedera, . 


• • 


144 


ImpatienSy 
Inaiarubber, . 


231 


Hklianthe^, . 






130 


138 


Helianthiu, 






130 


Indigo, .... 


150 


Helichrysum, . 






130 


I^futorial Earth, 


328 


BdUborff 






153 


Inula, .... 


130 


HELLEBORRilC, . 






153 


Iridacba, 


105 


BelUborine, 






219 


Iris, .... 


105 


HelleboruB, 






153 


IsatiB, .... 


157 


HelminthtMtachys, 






342 


Isoete, .... 


348 


HELOBIjE, . 






103, 104 


Isotheciuxn, 


337 


HelveUa, 






821 


/*'.y, 


144 


HEVEBOCALLIDiE, 






108 






HemerocalliB, . 






108 


Jasione, .... 


126 


Hemlock, . 






148 


Jubiea, .... 


112 


Hemp, 






138 


Juncaoec 


108 


Hemp' Agrimony, 






130 


JuncuB, 


108 


Hemp'NeUlt, . 






125 


Jungermannia, 


335 


Henbane, 






120 


Juniper, .... 


352 


Hepatica, 






153 


JonipeniB, 


352 


HEP A TICjE, . 






335 






Heracleum, 






144 


KaulfuBsia, 


842 


Herb Chrittopher, . 






153 






Heruiaria, 






140 


Labiatjb, . . . . 


123 


Heeperi«, . 






167 


Laburnum, . . . . 


150 


HibiscuBi . 






159 


Lore-Bark, . . . . 


141 


HiBRACIJS, 






130 


LactariuB, . . . . 


826 


Hieradnm, 






130 


Lactuca, . . . . 


130 


Hdlifhock, 






189 


LxCTVCZAt, . . . . 


130 


Holm-Oak, 






136 


Lady't Slipper, 


109 


Hopt, 






138 


Lamh'9 Succory, 


130 


Hordenni, 






114 


Lamium, . . . . 


125 


Hornbeam, 






135 


Lapland WUlou-, . 


137 


Horte'Chustnut, 






160 


Lapsana, . . . . 


130 


HorutaU, 






344 


Lapsakeje, 


ISO 


Hottonia, 






130 


Larkipmr, . . . . 


153 


Hound* S'Tongue, 






125, 230 


Laaerpitium, . . . . 


144 


HumuluB, 






138 


Lathrsa, . . . . 


209 


HyouHnth, 






108 


LatbyniB, . . . . 


150 


Htacinthe^ . 






108 


Lecanora, . . . , 


828 


HyacinthuB, 






108 


Leek, 


108 


Hydnei, . 






325 


Lbouminobje, . 


1S4, 149 


Hydnum, . 






325 


Lemna, 


111 


HTDBOCHABIDEilC, 






104 


liKMNAOEJ;, . . . . 


111 


Hydrocharis, 






105 


Lentil, 


150 


Hydrocotyle, . 






143 


Leontodon, . . . , 


130 


HygrophoruM, . 
Hylooomium, . 






326 
387 


Leoktodomtue, 

Lepidium, . . . . 


180 
157 


HymenogaBter, 






325 


Lrpidocarpbje, 


112 


Uymenooabtrei, 






324 


Lepiota, 


826 


HYXENOMTCffTSM, 






324 


Lettuce, 


ISO 


Hyoscyamus, . 






120 


Leaoojum, . . . . 


106 


HYPSRIOACEiB, . 






158 


Lianas, . . . . • 


14 


Hypericum, 






158 


Libanotia, . . . . 


114 


Hypbeue, 






112 


Lichens, . . . . 


828 


Hypnum, 






837 


ligustnim, . . . . 


119 


HYFODSBMIiB, . 






320 


LlLIACE-V, . . . . 


107 




l^^y 


103»107 


Icdand Mo$$, . 


• 


« 


323 


Lily of the Nik, . 


111 
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Liiuma, 

Linden, . 

Liquaria, 

Liriodendron, 

liithospennuin, 

Littnuif . 

Liver- Wortt, 

LiviBtona, 

Locust, . 

Lodolcea, 

Logtoood, 

Lolium, . 

Lombardy Poplar, 

Lonioera, 

Looaetirife, 

LotuB, . 

Lottu, 

Loute-Wort, 

Lunff' Wort, 

Lunularia, 

Lupin, . 

LupinuB, 

Lxizula, . 

Lychnis, 

Ltcopsbdei, 

Lyooperdon, 

Lyooperricum, 

Ltcopodiace^, 

LTOOFODINEiie, 

Lyoopodium, . 

Lycopodium Powder, 

Lyooput, 

Lygodium, 

Lysimachia, 

Ltthbacea, 

Lythmm, 

Madder, 
Magnolia, 
Maonoliaoe.!!:, 
Mahonia, 
Maiden- Hair, 
Maize, , 
Mallow, . 
Malva, . 

MALVACEiS, 

Maple, . 
Mabantaceje, 
Marattia, 
Marattiack«, 
Marchantiay 
Manilla, 
Mabsiliace^ 
MarA CaUa, 
Marah Lilies, 
Marth Marigold, 
Matricaria, 
MatthioU annua, 
,, incana, 
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I'AGB 


168 


Marjoram, .... 124 


122 


Meaaow Hue, . 




158 


158 


Medlar, . 






147 


150 


Melampynim, 






122 


152 


MelilotUB, 






150 


125 


Melon, . 






126 


823 


Mendicago, 






150 


286, 335 


M]BNISPERMACB<£, 






152 


112 


Mentha, 






124 


160 


Mbnthoidks, 






123 


112 


Menyanthes, . 






119 


161 


Meruhus, 






326 


114 


MesinluB, 






147 


187 


METASPERMS, 






352 


127 


Meizgeria, 






335 


146 


MicrocoocuB, . 






316 


160 


MUfoU, . 






130 


156 


MUlet, . ' . 






114 


122 


MlMOBE^ 






150 


126 


Mint, , 






124 


886 


MitOetoe, 






142 


150 


Mnium, ..... 




337 


150 


Mock Orange Blotsom, 




145 


108 


Momordica, . 




231 


140 


MONARPEX, . 




124 


324 


Moni^S'Hood, . 




l.'i3 


325 


MONOCHLAMYDEjE, 133, 140 


120 


MONOCOTYLEDONS. 102 


3 J 6, 848 


Monotropa, . 132 


346 


MoDBtera, 






111 


849 


Morchella, 






321 


349 


Moreee, . 






138 


124 


Morus, . 






138 


340 


„ alba, . 






138 


130 


„ nigra, . 






138 


146 


Mostea, . 






386 


146 


Moidd, . 






321 


t 


Jdountain Ath, 






147 


127 


Mfdberry, 






138 


162 


MUBACEJB, 






109 


152 


MuBca paradisiaca, 






109 


152 


„ sapientum, 






109 


842 


MuBcari, 






109 


114 


MUSCf, . 






336 


159 


MUSCINEJi, 






280 


159 


Mushrooms, 






325 


158 


Mustard, 






157 


160 


Mtoetozoa, . 






316 


109 


MyoBotiB, 






125 


340, 342 


Myristica, 






162 


340, 342 


MtRI8TICACE.£, 






152 


338 


MYRTIFLOR^, . 




13.3, 


134, 145 


344 


Myxamoeba, . 






317 


844 


Mtxomycetbs, 






316 


111 










103, 104 


XarciasnB, 






107 


153 


Nasturtiiim, . 






157 


130 


Nelombium, . 






155 


167 


Nelumbonex, 






154 


157 


Neottia, . 






109 


2 


A 
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Nepenthes, 


33 


Paeonia, 


153 


Xepeta, . . . . 


125 


Palm Oil, . . . . 


118 


Xepete-K, 


124 


Palms, 


111 


X<*j»hrolepi«, . 


340 


Fandanack^. 


111 


XettUj 


137 


Paniciim, . . . . 


114 


Nffdngala, 


114 


Papaver, . . . . 


156 


Xicotiana, 


120 


PAPAVKRACE.S, 


155 


Xidularia, 


325 


PAPILfONACE.fi, 


150 


XmULARIEI, . 


324 


Papyrus, . . . . 


115 


NieloBira, 


328 


Parietaria, . . . . 


138 


Nigella, . . . . 


153 


Paris, 


108 


Aigktshades, . 


120 


Parmelia, . . . . 


.323 


Nitella, . . . . 


332 


Pamassia, . . . . 


145 


X^ostoc, . . . . 


322 


Parontchie.*, 


140 


NUCULIFERJi, . 


117, 122 


Pardfy, 


143 


Nuphar, . . . . 


155 


Parsnip, 


143 


Nutmeg, . . . . 


152 


Pasque Flower, 


153 


Nymphsa, 


155 


Pastinaca, . . . < 
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